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EXECUTIVE  SUMMARY 

This  literature  review  (144  references)  discusses  the  problems  related  to 
fog  oil  exposure  of  humans  and  other  mammals  including  rats,  mice,  guinea  pigs, 
dogs,  cats,  hamsters,  livestock  and  rhesus  monkeys.  There  are  two  fog  oils: 

SGF  No.  1 and  SGF  No.  2.  SGF  No.  1 fog  oil  is  a fuel  oil  distilled  from  crude 
petroleum,  very  similar  to  home  heating  oil,  diesel  fuel  and  some  kerosenes. 

SGF  No.  2 fog  oil  is  a lubricating  oil  originating  from  crude  petroleum,  very 
similar  to  S.A.E.  10  motor  oil  and  some  industrially  used  lubricants  and  cutting 
oils.  Its  yellow  color  Indicates  that  it  is  less  refined  than  white  mineral 
oil,  a once  commonly  used  laxative.  Both  fog  oils  can  be  used  in  smoke  pots 
and  mechanical  smoke  generators  which  produce  dense  white  smoke  screens.  The 
smoke  is  actually  made  up  of  microdroplets  of  fog  oil. 

Army  personnel  who  worked  under  fog  oil  smoke  screens  in  World  War  II 
may  be  examined  to  learn  whether  or  not  there  are  long-term  health  hazards  from 
fog  oil  smoke.  In  industry,  workers  exposed  to  lubricating  oil  mists  frequently 
have  skin  conditions  such  as  acne.  Skin  cancer  also  has  been  reported  in  these 
workers,  as  well  as  other  cancers  in  the  lung  and  throat.  On  the  other  hand, 
workers  exposed  on  the  job  to  heating  or  fuel  oil  mists  usually  complain  only 
of  skin  irritations. 

The  inhalation  of  oil  mists  of  SGF  No.  1 fog  oil  caused  lung  tumors  in 
mice  and  stomach  tumors  in  monkeys.  The  oil  accumulated  in  the  lungs,  but  did 
not  usually  cause  pneumonia.  When  exposed  to  oils  similar  to  SGF  No.  1,  ani- 
mals have  developed  pneumonias,  adverse  effects  on  the  blood  and  bone  marrow, 
skin  and  eye  irritation  and  hair  loss,  and  death  at  high  doses. 

Laboratory  animals  exposed  to  lubricating  oils  like  SGF  No.  2 have  de- 
velop<_d  skin  and  lung  tumors.  Breathing  of  oil  mists  caused  oil  to  accumulate 
in  the  lungs.  In  addition,  pneumonia,  adverse  effects  on  the  liver,  spleen, 
kidneys,  colon,  skin  and  heart  have  sometimes  resulted. 

Although  information  on  the  ways  in  which  the  body  absorbs,  metabolizes, 
stores  and  excretes  the  fog  oils  is  incomplete,  it  is  established  that  mutagenic 
substances  are  formed  in  the  enzymatic  breakdown  of  some  aromatic  petroleum 
hydrocarbons  found  in  SGF  No.  2 type  oils. 


Recommendations  for  the  further  study  of  adverse  effects  of  fog  oils  in 
occupationally  exposed  humans  and  in  laboratory  animals  include  evaluations  of 
carcinogenicity  and  other  long-term  effects.  There  is  a need  to  measure  the 
air  concentrations  of  fog  oil  smoke  produced  from  smoke  generators  or  smoke 
pots  during  present-day  military  smoke  screening  operations.  I t is  also  recom- 
mended that  individuals  who  are  exposed  to  the  fog  oil  smoke  screens  have  pro- 
tection against  breathing  the  smoke  and  against  wearing  oily  clothing  next  to 
the  skin  or  scalp. 


Methods  of  collection  of  fog  oil  smoke  in  the  air  and  measuring  the  air 
concentration  of  fog  oil  are  presented.  In  animal  experiments,  it  is  useful 
to  measure  the  accumulation  of  oil  in  the  lungs  and  other  parts  of  the  body 


after  fog  oil  exposures.  Appropriate  methods  to  make  this  oil  more  visible  and 
to  measure  Itc  accumulation  in  various  orgms  are  included. 

The  environmental  impact  of  using  fog  oil  smoke  screens  is  presented  as 
a separate  document  included  in  this  series  of  reports. 
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ABSTRACT 


Literature  Is  reviewed  (144  references)  on  the  following  subjects; 
physico-chemical  properties;  generation  of  fog  oil  smoke;  human  toxicity, 
occupationa.1  hazards  and  associated  health  and  safety  practices  and  standards; 
toxicological  investigations  in  animals  including  mice,  rats,  guinea  pigs, 
hamsters,  monkeys,  rabbits,  dogs,  cats  and  calves;  absorption,  distribution, 
metabolism  and  excretion  in  mammals;  methods  of  sampling  and  determining  at- 
mospheric fog  oil  smoke,  and  extraction  and  determination  of  oils  in  biologic 
media.  The  two  fog  oils,  SGF  No.  1 and  SGF  No.  2,  are  both  refined  petro- 
leum products.  SGF  No.  1 is  representative  of  fuels  (similar  to  fuel  oils 
ifl  and  #2  and  light  grades  of  diesel  fuel),  while  SGF  No.  2 is  a lubricating 
oil  (related  to  light  automotive  and  industrial  lubricating  oils  and  mineral 
oils).  The  two  fog  oils  have  different  viscosities,  distillation  ranges, 
flash  points,  and  different  hydrocarbon  compositions,  among  others.  Both 
oils  are  used  in  smoke  generators,  which  vaporize  the  oils  and  force  the 
vapors  into  the  atmosphere,  where  they  condense  into  a dense  white  smoke 
screen  consisting  of  oil  microdroplets.  Effects  of  continuous  exposure  of 
U.S.  Army  personnel  to  fog  oil  smoke  screens,  for  weeks  on  end,  have  not  been 
documented.  Industrial  exposures  to  oils  and  oil  mists  are  responsible  for 
dermatoses,  in  the  case  of  fuels,  and  for  dermatoses,  skin  cancers  and  excess 
second  primary  tumors  of  the  akin,  respiratory  tract  and  larynx,  in  the  case 
of  lubricating  oils.  In  animals  exposed  to  oil  mists,  oil  pneumonias,  paraf- 
finomas and  toxic  systemic  effects  have  been  noted.  Lubricating  oil  skin 
and  pulmonary  tumors  are  reported.  Mutagenic  effects  are  noted  for  inter- 
mediary metabolites  of  polycyclic  aromatic  hydrocarbons  found  in  SGF  No.  2. 
Avoidance  of  exposure  of  personnel  to  these  oils,  or  the  use  of  oils  from 
which  the  carcinogenic  polycyclic  aromatic  hydrocarbons  have  been  extracted, 
along  with  appropriate  medical  surveillance,  are  recommended.  Further  research 
into  the  chemical  composition  of  SGF  No.  1 and  SGF  No.  2,  and  specific  animal 
toxicological  Investigations  using  these  analyzed  oils  are  warranted. 
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FOREWOiU) 


The  U.S.  Army  Medical  Research  and  Development  CoiiuDand  has  received  the 
task  of  assessing  occupational  health  and  safety  aspects  of  various  chemicals 
to  which  army  personnel  may  be  exposed.  Accordingly,  this  Problem  Definition 
Study  (PDS)  has  been  prepared  as  part  of  this  research  program  under 
contract  number  DAMD--17-77C-7020,  in  order  to  provide  the  published  data 
relating  to  occupational  health  and  safety  aspects  of  fog  oils,  SGF  No,  1 and 
SGF  No,  2,  and  smokes  generated  from  them.  The  subjects  covered  in  this 
report  include  physical  and  chemical  properties,  methods  of  analysis,  toxi- 
cological studies  on  humans  and  animals,  metabolism,  industrial  hygiene  and 
safety  practices,  among  others.  An  appendix  lists  the  sources  examined  to 
locate  relevant  information  in  the  literature.  Also  included  in  the  appendix 
is  a list  of  various  organizations  contacted  to  obtain  relevant  information 
concetmlng  fog  oils  and  oil  smokes. 

This  is  the  4th  in  a series  of  eight  reports  prepared  under  this  contract, 
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I.  INTRODUCTION 

The  use  of  screening  smokes  generated  from  fog  oils  by  the  U.S.  Armed 
Forces  In  World  War  II  and  up  to  the  present,  exposes  personnel  to  the  oils 
and  smoke  for  varying  lengths  of  time.  In  order  to  develop  safeguards  re- 
lating to  oil  and  oil  smoke  exposure  In  humans,  this  literature  survey  and 
problem  definition  sti  !y  has  been  performed  In  an  attempt  to  provide  evidence 
of  exposure-related  health  hazards. 

The  topic  of  fog  oils  encompasses  two  types  of  petroleum  products,  fuels 
and  lubricants,  whose  differences  In  physicochemical  and  toxicological 
properties  are  of  a greater  magnitude  than  their  similarities.  For  this 
reason,  most  of  this  monograph  is  divided  into  sections  discussing  SGF  No.  1 
and  related  fuels  or  SGF  No.  2 and  related  lubricating  oils.  Actual  studies 
employing  the  fog  oils  themselves  are  minimal  or  nonexistent  for  most  of  the 
topics  which  are  presented.  Models  have  been  chosen  to  represent  the  two 
fog  oils,  in  order  to  indicate  probable  characteristics  and  toxicological 
effects,  but  not  to  substitute  for  the  greatly  needed  research  into  the 
toxicological  results  of  exposure  of  humans  and  animals  to  these  fog  oil 
smokes  under  conditions  designed  to  simulate  actual  military  smoke  screening 
operations. 

This  monograph  covers  the  following  topics:  physical  and  chemical  pro- 
perties, human  toxicity,  toxicological  studies  in  animals,  absorption,  dis- 
tribution, metabolism  and  excretion  in  mammals  including  man,  industrial 
standards  and  occupational  safety  and  health  measures,  methods  of  sampling 
and  analysis  in  air  and  biologic  media,  and  recommendations  for  further  re- 
search. The  sources  of  information  employed  to  locate  relevant  literature, 
including  persons  and  organizations  which  were  contacted  in  this  endeavor, 
are  listed  in  the  appendix. 
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II.  PHYSICAL  AND  CHEMICAL  PROPERTIES 

The  U.S.  Military  has  employed  two  petroleum  derived  oils  for  use  In 
mechanical  smoke  generators.  These  have  been  termed  smoke  generating  fog  oil 
(SGF)  No.  1 and  No.  2.  Only  SGF  No.  2 has  been  ordered  by  the  U.S.  Army  for 
the  last  3-4  years  (1).  The  specifications  for  these  oils  will  be  presented, 
followed  by  a brief  discussion  of  their  preparation  from  crude  petroleum  oil, 
and  their  approximate  composition. 

A.  Specifications  for  Fog  Oils 

The  property  requirements  for  both  SGF  No.  1 and  SGF  No.  2 are  defined 
by  Military  Specification  MIL-F-12070Ai  dated  10  May  1956  (2).  These  re- 
quirements are  summarized  In  Table  1. 

SGF  No.  1 must  meet  requirements  for  viscosity,  carbon  residue,  pour 
point,  distillation  range  and  neutralization  number.  Likewise,  SGF  No.  2 must 
have  the  appropriate  viscosity,  pour  point,  carbon  residue,  neutralization 
number  and  flash  point.  Because  these  property  requirements  dictate  the  type 
of  treatment  an  oil  receives  they  are  important,  either  directly  or  Indirectly, 
In  determining  Its  hydrocarbon  composition.  Therefore,  definitions  of  these 
properties  (3)  are  provided  as  footnotes  to  Table  1.  Any  petroleum  distilled 
from  crude  petroleum  oil,  which  contains  no  additives  and  meets  requirements 
listed  lii  Table  1 for  SGF  No.  1 or  SGF  No.  2 can  be  sold  as  the  respective 
fog  oil. 

B.  Production  of  Fog  Oils 

It  Is  unlikely-  that  petroleum  Is  specially  processed  to  prepare  SGF  No.  1 
or  SGF  No.  2.  Rather,  the  specifications  of  these  two  fog  oils  correspond  to 
products  prepared  for  other  purposes  and  the  fog  oils  are  probably  drawn  from 
these  stocks..  A brief  description  of  the  processing  follows: 

These  petroleum  products  are  derived  from  crude  oil;  this  starting  material 
is  a complex  mixture  containing  thousands  of  aromatic,  paraffinic,  and  cyclo- 
parafflnic  hydrocarbons,  with  small  amounts  of  sulfur  containing,  nitrogen 
containing  and  other  types  of  compounds.  Petroleum  products  are  obtained  by 
fractional  distillation  of  the  crude  oil;  depending  on  specific  uses  of 
petroleum  products  and  special  requirements  of  these  uses,  further  processing 
Is  often  required. 

In  one  distillation  procedure,  crude  oil  is  placed  in  a heater  to  vapor- 
ize hydrocarbons  Into  the  fractional  distillation  column.  In  this  column 
the  constituents  are  separated  by  boiling  range;  the  more  volatile  a particu- 
lar fraction  Is  the  higher  It  will  appear  In  the  column;  the  gases  come 
off  at  the  top;  below  the  gases  In  height  and  volatility  are:  naphtha; 
raw  gasoline;  raw  kerosene,  diesel  fuel  and  fuel  oils  No.  1 and  2,  collectively 
referred  to  as  middle  distillate;  and  some  higher  boiling  material  called 
heavy  gas  oil.  In  that  order.  A non-volatile  residue  remains  at  the  bottom. 

SGF  No.  I Is  In  the  middle  distillate  fraction. 
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TABLE  1- 

Property  Requirements  for  SGF  No,  1 and  SGF  No.  2, 
Military  Specification  MIL-F-12070A  (2). 


Property 

Type  SGF  No.  1 

Type  SGI  INr.  2 

Maximum 

Minimum 

Maximum 

Minimum 

Flash  poinu,®  “F 

- 

- 

- 

320 

Viscosity,  Saybolt  Universal^ 

At  100®  F,  (seconds) 

•• 

110 

100 

At  210®  F,  (seconds) 

60® 

- 

~ 

- 

Carbon  residue  (Conradson) 

0.1 

0.1 

percent 

Neutralization  number 

0.1 

- 

0.1 

Pour  point,  ®F^ 

0 

- 

-40 

Vapor  temperature,  F at: 

10  percent  distillation 

- 

390 

- 

- 

50  percent  distillation 

- 

490 

-1. 

> 

90  percent  distillation 

610 

- 

- 

- 

A*  Flash  point:  The  lowest  temperature  at  which  vapors  arising  from  the 
oil  will  ignite  momentarily  upon  application  of  a flame  (3). 

Viscosity:  The  measure  of  resistance  to  flow  of  a liquid.  In  Saybolt 
Universal  units  it  is  the  time  in  seconds  for  60  ml  of  oil  to  flow 
through  a capillary  tube  in  a Saybolt  Universal  viscometer,  as 
described  in  ASTM  method  0 88  ( 3 ) • 

c.  A viscosity  of  65  sec.,  at  210“F  will  be  the  maximum  permissible  for 
oils  having  a viscosity  index  of  50  or  more. 

d.  Carbon  residue:  The  carbonaceous  residue  formed  after  evaporation  and 
pyrolysis  of  the  oil. 

e.  Neutralization  number:  The  weight  in  mg  of  potassium  hydroxide  needed 
to  neutralize  the  acid  in  1 g of  oil  ( 3 ) , 

f.  Pour  point:  The  lowest  temperature  at  which  the  oil  will  flow  when 
chilled  without  disturbance  under  test  conditions  [ASTM  D 97]  (3  ). 
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In  order  to  obtain  lubricating  oil  fractions,  a two-stage  distillation 
procedure  is  utilized.  The  first  distillation  volatilizes  fractions  from 
gases  through  middle  distillate.  The  non-volatilized  portion  is  then  dis- 
tilled separately,  under  reduced  pressure,  to  prevent  thermal  decomposition 
of  the  oil.  The  products  of  this  second  distillation  are  lubricating  oils 
and  residue  (4).  SGF  No.  2 is  in  the  lubricating  oil  fraction. 

Catalytic  cracking,  reforming  and  related  operations  (polymerization, 
alkylation,  hydrogenation,  aromatizatlon  and  Isomerization)  are  used  to  con- 
vert fractions  obtained  from  the  original  crude  oil,  which  are  of  lower 
economic  value  (usually  gases,  less  volatile  distillates  and  residue)  into 
a new  oil  richer  in  fractions  of  greater  economic  value,  principally  gaso- 
line (4). 

The  stocks  destined  to  become  diesel  fuel  or  fuel  oils  //I  or  2 and 
lubricating  oils,  especially  automotive  lubricants,  undergo  more  or  less 
further  processing  depending  upon  the  source  of  the  crude  oil  and  end  use. 
Including  (3,  4): 

1.  Deasphalting:  reduces  carbon  residue  In  fuel  and  lube  oils 
through  extraction  or  precipitant  action  of  solvents  (e.g.  propane, 
alcohol  or  esters)  on  asphaltic  or  resinous  materials;  sulfur  and 
heavy  metals  may  also  be  removed.  This  step  may  be  necessary  to 
meet  the  carbon  residue  requirements  of  SGF  No.  1 and  No,  2. 

2.  Treating  or  Refining:  Included  here  are  a large  number  of  solvent 
extraction  processes.  Aromatics,  cycloparaffins  and  other  materials 
may  be  selectively  extracted  from  lubricating  oil  stocks  to  enhance 
viscosity  characteristics  (particularly  viscosity  Index,  which  Is  a 
measure  of  the  magnitude  of  viscosity  change  with  temperature)  and 
their  stability  to  degradation.  Likewise,  aromatics,  nitrogen, 
sulfur  and  unstable  compounds  that  affect  burning  quality  and  engine 
cleanliness  can  be  removed  from  diesel  fuel.  Feed  to  these  processes 
has  normally  been  deasphalted  and  may  be  subsequently  dewaxed. 

3.  Dewaxing:  wax  (straight  chained  paraffins)  In  lubricating  oils 
gives  the  product  a high  pour  point;  it  reduces  fluidity  because  of 
the  formation  of  wax  solids  at  low  temperatures. 

SGF  No.  1 likely  undergoes  deasphalting  and  some  solvent  treatment.  Like- 
wise, to  meet  viscosity,  pour  point  and  carbon  residue  requirements  oil  destined 
to  become  SGF  No.  2 may  require  deasphalting,  solvent  refining  and  dewaxing. 

C.  Composition  of  Fog  Oils 

There  are  few  data  on  the  composition  of  SGF  No.  1 or  SGF  No.  2 per  se. 
Therefore,  petroleum  products  which  correspond  to  fog  oils  in  physical  and 
chemical  properties,  due  to  the  fact  that  they  have  come  from  the  same 
distillation  and  treatment  processes,  will  be  discussed.  In  order  to  clarify 
the  composition  of  the  two  fog  oils. 
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There  Is  no  constant  composition  for  any  petroleum  product.  The  composi- 
tion of  diesel  fuels,  fuel  oils,  SGF  No.  1,  SGF  No.  2,  lubricating  oils,  and 
others  will  vary  from  product  to  product  and  sample  to  sample.  Tw  factors 
are  important  In  producing  this  variation:  crude  oil  source  and  refining 
processes. 

Crude  oils  are  complex  mixtures  containing  thousands  of  paraffinic,  cyclo- 
parafflnlc  and  aromatic  hydrocarbons,  small  amounts  of  sulfur  compounds, 
nitrogen-containing  compounds,  other  compounds  and  heavy  metals.  Crude  oils 
from  around  the  world  are  classed  as  paraffinic,  naphthenic  or  asphaltic 
depending  on  whether  the  residues  left  after  distillation  are  high  in  paraf- 
fins, cycloparaffins  or  aromatics;  within  these  classifications  there  is 
wide  variation  from  source  to  source. 

The  treatment  the  crude  oil  undergoes  at  the  refinery  also  affects  its 
composition.  Catalytic  cracking  and  related  conversion  processes  favor  the 
formation  of  olefins,  aromatics  and  branched  paraffins  at  the  expense  of  other 
types  of  hydrocarbons.  On  the  other  hand,  solvent  treating  or  refining  re- 
moves aromatics,  cycloparaffins  and  olefins  contained  in  cracked  oils. 

An  attempt  will  be  made  to  define  the  probable  range  of  compositions 
for  fog  oils.  However,  the  following  information  is  only  indicative  of,  and 
not  meant  co  substitute  for,  an  analysis  of  fog  oil  samples. 

1.  SGF  No.  1 

Distillation  range,  specific  gravity,  viscosity  and  pour  point  are  very 
important  in  determining  hydrocarbon  composition.  Of  these,  only  distillation 
range  and,  secondarily,  pour  point  would  appear  to  contribute  significantly 
to  limiting  the  composition  of  SGF  No.  1 ( a maximum  viscosity  is  specified, 
but  this  high  value  is  not  usually  attained  in  products  within  this  boiling 
range).  SGF  No.  1 is  broadly  defined,  and  therefore,  wide  variation  in 
composition  is  possible. 

SGF  No.  1 corresponds  in  distillation  range  to  other  middle  distillate 
fuels,  such  as  diesel  fuel  and  fuel  oils  No.  1 and  2,  and  other  properties 
are  consistent  with  these  fuels.  It  likely  comes  from  a feedstock  originally 
destined  to  be  one  of  these  fuels,  but  it  differs  from  diesel  fuel  as  a mini- 
mum in  that  SGF  No.  1 is  almost  pure  hydrocarbon  since  it  contains  no  addi- 
tives. Hydrocarbon  types  and  composition  analyses  of  middle  distillates  in 
general  as  well  as  specific  distillates,  including  heating  oil,  diesel  fuel 
and  kerosene  are  presented  in  Tables  2,  3 and  4,  in  the  section  entitled 
SGF  No.  1 Models. 

2.  SGF  No.  2 

The  SGF  No.  2 supplied  to  the  U.S.  Army  is  drawn  from  a lubricant  stock 
sold  as  a raw  material  to  various  industries  (S) . It  is  a light  viscosity 
lubricant,  sometimes  called  ”100  pale  oil”  because  it  has  a viscosity  of 
100  SSU  at  100®F  (equivalent  in  viscosity  to  a SAE  20  motor  oil)  (3)  and 
is  a pale  or  straw-colored  liquid.  In  addition  to  the  sources  of  variation 
mentioned  above,  the  composition  of  SGF  No.  2 is  subject  to  further  varia- 
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tlon»  because  oil  companies  will  draw  from  whatever  stocks  are  available  to 
fill  an  order  which  fits  the  requirements  of  the  Military  Specification  (5). 

D.  SGF  No.  1 and  SGF  No.  2 Models 

The  human  and  animal  toxicology  and  metabolism  sections  have  illus- 
trated the  effects  of  oils  which  are  chemically,  pharmacologically  and  toxi- 
cologlcally  similar  to  SGF  No.  1 or  SGF  No.  2.  simply  due  to  the  fact  that 
there  is  almost  no  available  literature  on  SGF  No.  1 or  SGF  No.  2.  This 
subsection  characterizes  models  for  SGF  No.  1 (diesel  fuel,  fuel  oils  No.  1 
and  2,  kerosene  etc.)  and  models  for  SGF  No.  2 (automotive  and  industrial 
lubricating  oils,  white  and  medicinal  mineral  oils). 

1.  SGF  No.  1 Models 

As  discussed  earlier  in  this  section,  SGF  No.  1 is  a distillate  of  cruJe 
oil  which  vaporizes  in  the  same  general  temperature  range  as  diesel  fuel  stock, 
kerosene,  and  fuel  oils  (heating  oils);  these  fractions  are  called  middle 
distillates.  The  middle  distillates  are  further  processed  to  meet  different 
functional  requirements,  through  blending  with  cracked  distillates,  solvent 
refining  of  kerosene,  addition  of  ignition  improvers  to  middle  distillates 
destined  to  become  diesel  fuel,  and  addition  of  anticorrosive  additives  which 
protect  metals  coming  in  contact  with  the  oils.  But,  minus  the  additives, 
the  middle  distillate  products  all  have  the  same  hydrocarbon  composition, 
which  only  varies  according  to  the  crude  oil  source,  since  the  refining  pro- 
cedures - prior  to  solvent  extraction  - have  been  identical  (3,  4,  6). 

Hydrocarbon  composition  of  middle  distillates,  as  shown  in  Table  2 ‘is 
variable,  depending  on  oil  source,  and  degree  of  blevtdlng  of  straight  run  and 
cracked  middle  distillate  materials. 

A more  detailed  analysis  of  hydrocarbon  types  present  in  middle  distil- 
lates is  offered  in  Table  3,  and  Table  4 shows  the  carbon  numbers  of  the 
various  aromatic  hydrocarbons  in  middle  distillate  fuels. 

Models  used  in  the  toxicology  and  metabolism  sections  of  this  report 
Include  kerosene,  heating  oils  (fuel  oil  No.  1 and  No.  2)  and  diesel  fuel. 

These  will  be  described  below. 

a.  Kerosene 

Kerosene  can  be  produced  from  almost  any  refinery  stream,  that  is, 
crude  oil,  thermally  or  catalytically  cracked  oil,  or  mixtures  of  these. 

The  kerosene  fraction  usually  bolls  in  the  same  distillation  range  as  the 
middle  distillates,  but  may  have  a wider  range,  depending  on  the  refinery's 
operation  as  well  as  on  the  customer's  needs  (4).  The  kerosene  distillate 
is  usually  treated  with  sulfuric  acid,  followed  by  solvent  extraction  to  re- 
move aromatic  compounds  and  sulfur  compounds.  (Aromatics  are  undesirable 
because  of  the  smoky  flame  produced  when  kerosene  is  burned.  The  sulfur 
compounds  tend  to  fom  incrustations  on  lamp  wicks)  (3,  4).  Synonyms 
for  kerosene  are  range  oil  or  illuminating  oil.  Deodorized  kerosene  is 
super-refined,  containing  less  than  4X  aromatic  hydrocarbons  (7). 
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TABLE  3 

Hydrocarbon  Type  Analysis  of  Middle  Distillates 


Hydtocatboh  type 

C11-C20  range 

Reported  values,  wt.% 
abed 

e 

n-  and  Isoparaffins 

40-52 

21.4 

22.8 

43 

28 

monocycloparaf  f ins 

18-25  ' 

L13.0  1 

[10.3 

121  1 

non-condensed  dlcycloparaff ins 

6-12 

non-condensed  tricycloparaffins 

1-5  J 

i 

1 

condensed  dlcycloparaff Ins 

\ 0-2  1 

L 4.8  1 

3.7 

9 

7 

condensed  trlcycloparaffins 

1 

1 

3 

2 

alkylbenzenes 

3-11 

9.8 

20.8 

5 

9 

Indanes,  tetrallns 

2-7 

10.6 

8.9 

4 

7 

indenes,  dihydronaphthalenes 

0-4 

3.0 

1.9 

2 

1 

naphthalene 

1.  3-11 

0.2 

0.2  ■] 

► 7 ] 

k20 

alkylnaphthalenes 

1 

18.9 

21.1  J 

• 

i 

acenaphthalenes , other  Ci7H2ru,i4 

0-3 

6.7 

4.0 

3 

6 

acenaphthylenes,  fluorenes,  other 

Cl7H2n-16 

0-3 

2.8 

.8 

2 

4 

tricyclic  aromatics,  phenanthrenes. 

CnH2n-18 

0-3 

1.2 

0.3 

1 

4 

Olefins 

•• 

6.6 

5.2 

-• 

— 

Refs: 

a = Middle  distillate,  Ehrler  et  al,  (1?);  b » Diesel  fuel,  Kearns  (13); 
c = Fuel  oil  No.  2,  Kearns  (13);  d « Straight-run  middle  distillate, 
Fitzgerald  et  al,  (15);  e = Cracked  middle  distillate,  Fitzgerald  et  al. 

(15). 


c 
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TABLE  4 

Carbon  Number  Distribution  by  Volume  X of  Aromatic  Hydrocarbons 
Present  in  Fuel  Oil  #2,  Kerosene  and  Diesel  Fuel  Samples 


Benzenes 

Fuel 

Kero- 

Diesel 

Naphthalenes 

Fuel 

Kero- 

Diesel 

oil  #2 

sene 

fuel 

oil  92  sene 

fuel 

C9 

0.5 

0.3 

0.2 

ClO 

0.2 

0.1 

0.2 

ClO 

1.7 

1.4 

0.5 

Cll 

2.5 

0.6 

1.6 

Cll 

3.:‘- 

1.6 

1.0 

C12 

6.7 

1.5 

4.8 

Cl2 

5.:- 

1.0 

1.8 

Cl3 

6.8 

1.0 

5.6 

Ci3 

4.8 

0,8 

1.8 

Cl4 

3.4 

0.3 

3.5 

Ci4 

2.7 

0.5 

1.4 

Cl5 

1.2 

0.1 

1.7 

Cl5 

1.4 

0.3 

1.0 

C16 

0.4 

- 

0.9 

Cl6 

0.7 

0.2 

0.7 

Ci7 

0.1 

- 

0.5 

Cl7 

0.3 

- 

0.6 

C18 

- 

- 

0.2 

Ci8 

0.1 

- 

0.4 

Cl9 

- 

- 

0.1 

Ci9 

- 

- 

0.2 

C20 

- 

0.2 

Acenaphthenea 

C12 

0.1 

at 

0.1 

Indanes 

Cl3 

0.9 

0,9 

C9 

— 

0.1 

C|4 

1.4 

0.1 

7 , 7 

Cio 

0.5 

0.2 

0.3 

Cj  5 

1.0 

2.2 

Cll 

2.3 

1.0 

1.5 

Ci5 

0.4 

— 

1.4 

C12 

2.8 

1.5 

2.8 

Cl7 

0.2 

0.6 

Ci3 

1.8 

1.2 

2.5 

C18 

i. 

•• 

0.2 

Ci4 

0.9 

0.7 

1.5 

Cl9 

0,1 

Cl5 

0.4 

0.3 

0.8 

C16 

0.2 

0.1 

0.5 

AcenaphthyleAlP 

Cl7 

•M 

0.3 

Cl3 

- 

0.1 

C18 

- 

- 

0.2 

Cl4 

0.2 

- 

0.3 

Ci9 

— 

0.1 

Cl5 

0.3 

- 

0.7 

Indenes 

C16 

0.2 

- 

0.8 

C9 

- 

- 

0.1 

Cl7 

0.1 

- 

0.5 

ClO 

- 

“ 

0.1 

C18 

- 

- 

0.3 

Cll 

0.3 

- 

0.3 

Cl9 

0.1 

C12 

0.5 

0„1 

0.5 

Cl3 

0.5 

0.2 

0.6 

Anthracenes,  Phenanthrenes 

Cl4 

0.1 

•• 

0.1 

Cl4 

0.3 

0.2 

0.6 

Cl5 

0.1 

0.3 

ClS 

0.2 

0.1 

0.4 

C16 

0.1 

— 

0.4 

C16 

0.1 

0.2 

Cl7 

0.3 

Cl7 

0.1 

C18 

... 

0.1 

C18 

- 

0,1 

Ref:  Kearns  (13).  These  percentages  are  averages  of  two  or  more  samples  each 
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b.  Fuel  oils 


There  are  6 grades  of  fuel  oils,  of  which  fuel  oil  No,  1 and  fuel  oil 
No.  2 are  distillates  boiling  in  the  range  characteristic  of  the  middle 
distillates.  Fuel  oil  No,  1 is  used  in  vaporising  pot-type  burners,  while 
No.  2 is  general  purpose  domestic  heating  oil.  Like  SGF  No.  1 fog  oil, 
fuel  oils  are  usually  blends  of  straight  run  and  cracked  distillates  which 
are  byproducts  of  gasoline  manufacture  (4),  Dome»tic  fuel  oil  No,  2 is 
generally  a straight  run  distillate  of  crude  oil  wnlle  Industrial  fuel  oil 
No,  2 is  usually  a blend  of  straight  and  cracked  distillates. 

c.  Diesel  fuels 

Diesel  fuels  come  in  four  grades,  of  which  the  first  two  are  products  of 
the  middle  distillate  oils.  These  are  used  in  high-speed  engines,  such  as 
in  tractors,  trucks  and  buses.  Other  grades  of  diesel  fuel  are  more  viscous, 
containing  blends  of  higher-boiling  distillates  and  some  residual  (non- 
volatile) fuels  (3) . The  latter  are  used  in  low-speed  engines  operating 
with  sustained  loads  at  constant  speeds,  such  as  large  marine  and  railroad 
diesel  engines. 

Performance  properties  of  diesel  fuels  include  ignition  quality.  A 
high  cetane  number  (n-hexadecane  content)  for  a fuel  gives  relatively  easier 
starting  at  low  temperatures.  Most  straight  run  diesel  fuels  have  naturally 
high  cetane  numbers,  but  if  the  crude  oil  was  rich  in  aroinatic  compounds, 
or  if  the  distillate  fuel  is  a blend  of  straight  and  cracked  d'stillatea, 
lower  cetane  numbers  result.  Cetane  improvers  are  therefore  added  to  diesel 
fuels,  or  alternatively,  solvent  refining  to  remove  aromatic  compounds  may 
be  employed  to  raise  the  cetane  number.  Organic  nitrates  and  peroxides 
(amyl  nitrate,  hexyl  nitrate,  acetone  peroxide)  are  additives  used  to  improve 
the  Ignition  quality  of  diesel  fuels  (4),  As  little  as  0,1-0. 3%  by  volume 
of  amyl  nitrate  is  sufficient  to  upgrade  blended  distillates  into  diesel 
fuels  of  acceptable  cetane  numbers  (3), 

Additives  also  are  utilized  to  inhibit  corrosion  of  fuel  storage  con- 
tainers and  copper  fittings,  and  to  deter  gum  formation  in  the  diesel  engine 
(3). 

2.  SGF  No,  2 Models  , 

SGF  No.  2,  being  a light  lubricating  oil,  is  similar  in  most  respects 
to  automotive  lubricants  and  some  industrial  lubricating  oils  of  similar 
viscosities.  A higher  degree  of  refining  will  convert  these  straw  colored 
"pale”  oils  to  "white"  oils,  which  la  now  mandatory  in  some  industrial  ap- 
plications, White  oils  also  have  medicinal  uses  (adjuvant,  laxative,  cosmetic). 

Lubricant  oils  generally  have  a boiling  range  of  300-800®C.  The  hydro- 
carbons constituting  these  oils  generally  contain  20-50  carbon  atoms  (6) , 
and  based  upon  its  viscosity  SGF  No,  2 probably  is  made  up  mainly  of  hydro- 
carbons in  the  molecular  weight  range  of  240-420  atomic  units  (3) . 
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After  the  lubricant  oil  stock  is  obtained  from  fractional  distillatlun 
it  is  deasphalted  to  remove  constituents  which  would  contribute  to  carbon 
residue.  At  this  point  it  consists  of  aromatic,  cycloparaffinic  and  mixed 
aroraatlc-cycloparaffinic  hydrocarbons,  which  contain  paraffinic  side  chains 
[often  7-20  carbon  atoms  in  length]  (6),  Lubricant  oils  which  have  reached 
this  stage  of  refinement  might  be  expected  to  yield  a distribution  of  hydro- 
carbon types  in  the  range  summarized  in  Table  6.  The  content  of  aromatic 
rings  in  untreated  lubricating  oil  fractions  generally  varies  from  10  to  30%, 
although  40X  has  been  reported  (6).  However,  the  aromatic  hydrocarbons  of 
lubricating  stocks  produce  poor  viscosity  characteristics,  and  many  art  un- 
stable toward  oxidation,  which  transforms  them  into  resinous  and  asphaltic 
products.  These  aromatic  hydrocarbons  may  be  extracted  by  various  solvents. 
The  remaining  oil  is  enriched  in  branched  paraffins  and  cycloparaffins. 
Usually  dewaxing  follows. 


TABLE  5 

Summary  of  Composition  of  Lubrication  Oil  Stocks 


Average  No.  of  Tings  per  Molecule 


1.8  - 3.0 


Weight  Percent  of  Aromatic  Rings 


10  - 30 


Weight  Percent  of  Cycloparaffinic  Rings 


13  - 45 


Weight  Percent  of  Paraffinic  Side  Chains 


45  - 76 


Ref : Sachanaii  (6) . 


Lubricating  oil  distillates  normally  contain  only  up  to  lOZ  normal  and 
branched  alkanes.  Typical  paraffins  present  would  contain  about  25  carbon 
atoms,  with  at  least  one  paraffinic  side  chain,  C4  or  longer,  in.  the  middle 
of  the  molecule.  Cycloparaffins  with  up  to  4 five  or  slx-membered  rings  per 
molecule  predominate  (6). 

The  following  lubricating  oils  are  representative  models  for  SGF  No.  2. 
a.  Automotive  Lubricating  Oils 

The  SAE  (Society  of  Automotive  Engineers)  motor  oils,  especially  SAE  10 
or  SAE  20,  correspond  in  viscosity  to  SGF  No,  2 (3),  The  hydrocarbon  con- 
tent is  variable,  as  previously  discussed.  One  analysis  revealed  2.6  ug/100  ml 
of  benzo (a) pyrene  in  fresh  motor  oil  (17), 

The  presence  of  additives  in  commercial  lubricating  oils  makes  them  dis- 
similar to  SGF  No.  2,  which  is  additive  free. 
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b.  Industrial  Lubricating  Oils 

Mineral  oils  replaced  sperm  whale  oil  and  seal  oil  as  lubricants  in  the 
cotton  mills  in  the  late  1800'a  (18).  The  first  mineral  oil  lubricants  were 
poorly  refined,  and  occupational  exposure  lead  to  skin  cancer  epidemics,  un> 
til,  in  the  1930’s,  benso (a) pyrene  was  extracted  with  sulfuric  acid.  More 
recent  solvent  refining  techniques  more  or  less  completely  remove  all  poly- 
cyclic aromatic  hydrocarbons  from  the  lubricating  oils,  turning  the  oils  from 
"pale"  to  "white"  In  color. 

Spindle  oil  is  a light  viscosity  oix,  used  to  lubricate  cotton  spindles 
and  other  moving  machine  parts.  It  may  contain  additives,  and  the  degree  of 
refining  (pale  to  white)  varies  (18). 

Batching  oil  is  used  in  jute  manufacture,  out  of  which  comes  burlap 
and  sacking  materials.  It  varies  widely  in  composition,  within  the  limits 
of  light  lubricating  oils  (19). 

Metal  working  and  cutting  oils  may  be  pure  lubricating  oils,  mixtures 
of  lubricating  oil,  lard  oil,  additives  amoxtg  others,  water-oil  emulsions  - 
called  "soluble  oils",  or  may  be  completely  or  partially  synthetic  polymer 
oils  (3,  20,  21). 

Even  pure  petroleum  cutting  oils  and  their  mists  are  dissimilar  to 
SGF  No.  2 in  that  the  heat  generated  at  the  cutting  edge  of  the  tools  used  in 
metalworking  may  form  oil  decomposition  products  such  as  SO2  and  HjS,  which 
are  recognised  skin  irritants  in  themselves.  [Thermal  decomposition  of  SGF 
No.  2 in  the  smoke  generator  may  occur  (see  Generation  of  Smoke).]  In  addition, 
the  alloy  of  which  the  cutting  edge  is  made  contains  metals  such  as  cobalt, 
a known  cutaneous  sensitizer.  As  the  cutting  edge  wears  down,  the  oil  bathing 
the  tool  will  pick  up  the  metals.  The  cutting  oil  is  continuously  recycled 
throvigh  the  machine  during  the  metalworking  operations  (22) . 

A petroleum  cutting  oil  (lubricating  oil)  was  analyzed  qualitatively 
by  chromatographic  separation,  liquid-liquid  extraction,  and  spectroscopy. 

The  following  polycyclic  aromatic  hydrocarbons  were  identified!  3 rings 
(anthracene,  phenanthrene) ; 4 rings  (pyrene,  fluoranthene,  chrysene, 
benzo(a)fluorene,  benzo (a) anthracene) ; 5 rings  (perylene,  benzo (a) pyrene, 
b8nzo(b) fluoranthene,  benzo (k) fluoranthene);  and  6 rings  (benzo (g,h,l) perylene, 
indeno-l,2,3(c,d)pyrene,  phenylene  pyrene).  A second  cutting  oil  sample  con- 
tained: pyrene,  methylpyrene,  chrysene,  alkylchrysene,  fluoranthene, 
benzo (a) anthracene,  benzo (a)pyrene,  benzo (b) fluoranthene  and  benzo (k) fluor- 
anthene. Benzo (a) pyrene  concentrations  ranged  from  0.6  ug/1  to  160  yg/1  in 
unused  cutting  (lubricating)  oils,  and  values  up  to  500  yg/1  were  reported 
for  used  cutting  oils  (20). 

t 

Cook  et  al.  (23)  analysed  an  industrial  lubricating  oil,  after  extract- 
ing the  aromatic  fraction,  which  represented  20%  of  the  oil  sample  volxune. 
Anthracene  derivatives,  separated  with  maleic  anhydride,  included  2,6-  and 

2.7- dimethylanthracene,  2,3,6-trimethylanthracene,  1,3, 5, 7-,  1,3, 6, 7-,  and 

2.3.6.7- tetramethylanthracene,  and  four  unidentified  trl-  or  tetraraethyl- 
anthracenes.  Picric  acid  and  ethanol  extraction  yielded:  1,8-dlmethyl- 
phenanthrene,  1,2,8-trlmethylphenanthrene,  tetramethylphenanthrene,  tetra- 
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methylfluorane,  l-raethylpyr«nc.,  1,2-benEofluorene,  8-aethyl-l,2-ben8ofluorene, 

I , 8-dimethy ldiben*othiophene , 1*2,6 , 7-t«tramethyldibenEo thiophene , 3-ethy 1- 
6*8-dimethylnaphtho(l,2-b)-thlophene  and  pentaaathylcarbazole.  No  quantitative 
data  were  presented. 

Newspaper  printing  ink  consists  of  a suspension  of  carbon  black  in 
white  mineral  (lubricating)  oil  (24).  Pressrooms  usually  have  visible  oil 
mists  due  to  the  printing  process  which  generates  the  mists  (24).  The  degree 
to  which  this  particular  white  oil  has  been  refined  was  not  reported. 

Oils  used  to  spray  livestock  and  agriculture  with  pesticides*  insecti- 
cides and  other  chemicals*  may  be  either  pale  or  white  lubricating  oils  of  a 
light  viscosity  (25). 

c.  Medicinal  Mineral  Oil 

This  is  a transparent*  colorless*  almost  odorless  and  tasteless  liquid* 
highly  solvent  refined  and  composed  of  lOOX  non-aromatic*  saturated  hydro- 
carbons. 

Synonyms  include  liquid  paraffin*  liquid  petrolatum*  U.S.P,  mineral  oil* 
wi\ite  mineral  oil  and  vaseline  oil  (26). 

Mineral  oil  used  as  a laxative  is  slightly  more  viscous  than  SGF  No.  2, 
Another  less  viscous  white  oil  is  used  in  oily  nose  drops  and  other  prepara- 
tions. 

Two  Independent  analyses  of  white  mineral  oils  were  found  in  the  litera- 
ture. Wagner  et  al.  (27)  reported  the  hydrocarbon  composition  of  a medicinal 
mineral  oil  with  a molecular  weight  of  350-410*  with  molecules  containing 
25-30  carbon  atoms.  Boitnott  and  Margolis  reported  the  mean  hydrocarbon 
composition  of  six  mineral  oil  samples*  by  mass  spectroscopy  (28).  The  re- 
sults of  the  analyses  are  presented  in  Table  6.  The  wide  variation  in 
alkane  content  is  not  unusual*  considering  the  possible  differences  in  source 
and  refining  that  characterised  the  oils. 

According  to  Hasserholt  (29)  traces  of  aromatic  hydrocarbons  in  white 
oils  can  be  determined  by  ultraviolet  absorption  or  by  separation  and  X-ray 
fluorescence, 

E.  Generation  of  Smoke 


Smoke  weaponry  in  World  War  II  and  the  Korean  War  was  used  for  large-area 
screening  of  rear-area  targets*  beach  landings*  paratroop  assaults  and  other 
moderate  to  large  tactical  operations*  The  mechanical  smoke  generator  was 
developed  for  these  purposes.  The  first  generator*  Ml  was  a domestic  oil 
burner*  weighing  25*000  kg*  and  transported  by  barge*  trailer  or  truck.  It 
consumed  380  liters  of  fog  oil,  570  1 of  water  and  30  1 of  fuel  an  hour.  The 
M2  was  smaller  and  lighter  in  weight*  and  consumed  190  1 of  fog  oil*  and  19  1 
each  of  fuel  and  water  per  hour  (30).  The  M3  Is  a pulse- jet  engine  generator 
which  does  not  require  water*  and  can  be  easily  carried  by  2 people.  Consump- 
tion is  150  1 of  fog  oil  and  11  1/2  1 of  gasoline  per  hour  (31),  All  of  the 
mechanical  generators  are  designed  to  produce  a continuous  smoke  screen. 
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TABLE  6 . 

Hydrocarbon  Composition  of  White  Mineral  Oils 


Hydrocarbon  Type 

X (mean  of  6 samples)^ 

A> 

Straight  and  branched  alkanes 

26.8 

5.1 

Cyclic  alkanes 

noncondensed  (1  ring) 

26.8 

27.0 

condensed 

2 rings 

22.1 

23.9 

3 rings 

13.6 

19.8 

4 rings 

6.7 

13.3 

5 rings 

2.9 

6.9 

6 rings 

0.9 

4.0 

Aromatic  hydrocarbons 

0 

0 

Refs:  a » Boitnott  and  Margolis  (28) 


b ■ Wagner  et  al,  (27) 


Smoke  pots  and  smoke  grenades  emit  a small  volume  of  smoke  for  a short 
time.  Floating  smoke  pots  are  designed  to  emit  a dense  cloud  for  about  10 
minutes  (32) . A combustible  material  and  an  oxygen  source  are  necessary  to 
produce  smoke  in  this  way. 

The  large  generators,  used  to  achieve  continuous  screening,  require  a 
heat  source  to  vaporize  (not  burn)  the  fog  oil,  an  atomizer  to  accelerate  the 
vaporization,  a blower  or  pump  to  rapidly  move  the  vaporized  oil  away  from 
the  heat  source,  and  an  oxygen-poor  chamber  tc  prevent  explosion  or  combustion 
of  the  concentrated  oil  vapors.  These  requirements  are  met  in  the  exhaust 
manifold  of  an  internal  combustion  engine,  automobile  engine,  heat  engine  or 
steam  boiler  (33) . 

The  M3A3  pulse-jet  generator  is  a gasoline  engine  with  a pxxmp  assembly, 
driven  by  the  exhaust  gases,  which  draws  the  fog  oil  from  an  external  storage 
drum  and  pumps  it  into  the  engine  tube.  Vaporisation  occurs  as  the  fog  oil 
is  mixed  with  hot  engine  exhaust  gases  and  the  vapors  are  forced  into  the 
atmosphere  at  a high  velocity,  passing  through  3 outlet  nozzles.  As  the  vapors 
meet  the  cooler  atmosphere,  they  are  condensed  into  small  droplets  of  liquid 
oil  (34). 
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The  temperature  at  the  discharge  nozzles  of  various  mechanical  generators 
may  reach  540“C,  but  no  thermal  breakdown  or  Ignition  of  vapors  was  found  to 
occur  at  this  point  because  the  high  escape  velocity  allows  only  a very  short 
duration  of  contact  of  the  vapors  with  the  nozzles  (35),  A test  hydrocarbon, 
n~hexadecane,  heated  for  six  hours  at  371  or  399“C  in  a closed  system  containing 
various  metal  surfaces  showed  about  4%  or  more  thermal  decomposition.  New  com- 
pounds formed  ranged  from  Ci-Cig  and  higher,  plus  hydrogen.  It  was  found  that 
pyrolysis  of  naphthenes  was  more  rapid  than  n-hexadecane  at  371'’C,  the  weakest 
naphthene  bind  being  the  ring-side  chain  juncture  (36).  The  possibility  of 
thermal  decomposition  of  fog  oil  exists,  but  the  conditions  which  may  enhance 
pyrolysis  and  the  extent  of  pyrolysis  are  unknown. 

The  mixing  of  fog  oil  vapors  with  exhaust  gases  also  presents  a problem. 

The  less  volatile  exhaust  components  will  probably  condense  with  the  fog  oil 
vapors,  while  lighter  molecular  weight  hydrocarbons  remain  as  gases  and  escape 
into  the  atmosphere.  The  concentration  of  exhaust  components  in  the  vaporized 
and/or  condensed  fog  oil  is  not  known. 

The  atmosphere  immediately  condenses  the  vaporized  fog  oil  into  small 
liquid  droplets.  The  discharged  fog  should  feel  cool  and  dry  to  the  naked 
hand  held  about  one  meter  from  the  point  of  emergence  (35) . A good  smoke  screen 
makes  the  disc  of  the  sun  appear  light  orange  or  pink.  A droplet  diameter  of 
0, 5-1,0  ]i  is  desirable  for  maximum  scattering  of  visible  light  (31),  The 
average  droplet  size  is  controlled  by  the  rate  of  cooling  as  well  as  the  vapor 
concentration. 

The  condensed  oil  droplets  fcjrm  a stable  dispersion  similar  to  a natural 
fog  or  mist.  It  does  not  convert  back  into  the  gaseous  phase  C33),  The  smoke  * 

settles  very  slowly,  due  to  the  small  droplet  size.  It  may  remain  afloat  for 
an  hour  without  coalescence  or  condensation,  and  be  carried  as  far  as  6.5  km, 
depending  only  on  meteorological  conditions  (30,  35). 

Direct  information  on  the  concentration  of  the  oil  droplets  in  air  is 
lacking.  A private  communication  from  FMC  Corporation  indicated  a possible 
exhaust  vapor  concentration  of  approximately  46,000  mg/m^.  Visibility  in  the 
smoke  may  be  reduced  to  one  meter  or  less,  according  to  Naval  Systems  Sea 
Command  and  U.S.  Army  private  communications. 
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III.  HUMAN  TOXICITY 


The  human  toxicology  of  fog  oil  has  not  been  medically  documented  for 
the  armies  which  were  hidden  amidst  the  dense  white  smoke  screens  over  parts 
of  Italy  and  northern  Europe  during  World  War  II.  The  reason  for  this  lack 
of  Information  may  very  well  be  that  any  adverse  effects  were  not  severe 
enough  to  warrant  medical  attention,  or  that  the  effects  were  too  general  or 
undlagnostlc  to  be  attributed  to  oil  smoke.  Nevertheless,  exposure  to  oil 
smoke  did  occur  on  a large  scale.  With  this  In  mind,  the  subject  has  been 
Investigated  from  the  standpoint  that  the  two  fog  oils,  SGF  No.  1 and  SGF 
No.  2,  are  representative  of  fuel  oils  and  lubricants,  respectively  Expo- 
sures to  these  "model"  fuel  oils  and  lubricants  have  been  documented  in  the 
literature,  and  will  be  presented  separately  for  SGF  No.  1 and  SGF  No.  2. 

A.  Exposure  of  the  U.S.  Armed  Forces  to  Fog  Oil  Smoke 

Medical  records  of  the  Chemical  Corps  Historical  Office  were  searched 
for  reference  to  injurious  effects  of  World  War  II  fog  oil  smoke  screening 
operations.  There  were  no  Indications  of  any  kind  that  smoke  generator  unit 
personnel  suffered  111  effects  from  exposure  to  their  own  fog  oil  smoke  screens, 
nor  was  there  any  Indication  of  precautions  taken  to  avoid  such  exposure  (37). 

The  Toxicology  Division  of  the  U.S.  Army  Edgewood  Arsenal,  Development 
and  Engineering  Directorate,  Munitions  Systems  Division,  upheld  the  position 
that  there  would  be  very  little  risk  or  danger  in  repeated  and  high  level  ex- 
posures to  fog  oil,  based  on  the  work  done  by  medical  researchers  in  the  area, 
as  well  as  on  the  fact  that  among  entire  armies  living  in  a constant  smoke 
screen  of  fog  oil  in  Italy  for  weeks  on  end,  there  was  no  evidence  of  exposure 
related  illness  or  carcinogenic  or  mutagenic. effects  from  these  operations  (38). 

The  Toxicology  Division  of  the  U.S,  Army  Edgewood  Arsenal  further  stated 
that  although  there  was  considerable  experience  with  oil  smokes  at  Anzio,  Italy, 
and  elsewhere,  it  was  doubtful  whether  there  had  been  adequate  documentation 
and  medical  follow-up  on  personnel  exposed  to  the  oil  smokes  (39). 

Not  only  are  there  no  data  on  morbidity  or  mortality  of  army  personnel 
who  were  exposed  to  oil  smoke,  there  is  also  no  available  information  on  the 
atmospheric  concentrations  of  the  smoke  screens  to  which  the  units  were  ex- 
posed. Living  for  weeks  on  end  in  an  atmosphere  dense  with  oil  droplets, 
the  armies  could  have  been  exposed  to  inhalation  of  oil  droplets,  as  well  as 
contamination  of  clothing,  skin,  food,  water,  and  everything  in  their  possesion 
which  was  taken  out-of-doors.  This  extensive  contamination  woulc  be  probable, 
due  to  the  settling  down  of  the  oil  droplets  onto  available  surfaces,  leading 
to  the  formation  of  an  oil  film  as  droplets  coalesced.  Allowances  must  also 
be  made  for  evaporation  of  oil  mist  droplets  before  and  after  settling,  al- 
though neither  the  extent  of  evaporation  nor  of  settling  into  films  was 
documented. 
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SGF  NO.  X Models 


There  are  no  reports  In  the  literature  dealing  specifically  with  the 
human  toxicity  of  SGF  No.  1.  However,  since  it  is  a middle  distillate,  with 
properties  similar  to  those  of  diesel  fuel,  heating  oil  and  kerosene  (as 
discussed  in  the  Physical  and  Chemical  Properties  section  of  this  report) , 
toxic  properties  of  these  models  will  serve  to  elucidate  the  human  toxicity 
of  SGF  No.  1 fog  oil. 

1.  Acute  Toxicity  of  Mists 

Diesel  fuel  aerosols  were  used  as  a control  atmosphere  in  a study  of 
the  effect  of  atmospheric  pollutants  (40).  Normal  subjects  exposed  to  aerosol 
concentrations  of  330  mg/m^  and  170  mg/m^  reported  practically  no  eye,  nose 
or  throat  irritation  during  the  10  minutes  of  exposure.  Pulmonary  effects 
were  not  considered. 

Subjects  inhaling  deodorized  kerosene  (treated  to  remove  most  aromatics) 
mean  vapor-air  concentrations  of  140  mg/m^  (20  ppm)  for  15  minutes  reported 
no  eye,  nose  or  throat  discomfort  or  irritation  during  or  following  the  ex- 
posure (7).  This  concentration  was  the  highest  obtainable,  representing 
saturation  at  25®C.  Other  subjects  Inhaled  a series  of  vapor-air  concentra- 
tions of  deodorized  kerosene  over  a period  of  2 days,  with  LO-second  exposures 
to  each  sample.  The  odor  threshold  was  determined  to  be  approximately  0.6 
mg/m^  (0.09  ppm)  for  83%  of  the  subjects.  With  this  practically  aromatic-free 
hydrocarbon  mixture  (3.9%  aromatics),  there  was  essentially  no  irritation  or 
toxicity  due  to  Inhalation  of  vapors. 

Selected  aromatic  hydrocarbons,  present  in  varying  concentrations  in 
the  middle  distillates,  have  been  studied  individually,  in  terms  of  their 
ability  to  irritate  eyes,  skin  and  respiratory  passages.  Alkylbenzenes  have 
been  found  to  be  highly  irritating  when  concentrated.  Tetramethylbenzenes 
such  as  durene,  in  mist,  or  vapor  form,  are  especially  irritating  substances 
(8). 

Nau  et  al.  (41)  studied  the  effects  of  aromatic  hydrocarbons  boiling  In 
the  low  end  of  the  middle  distillate  range,  characterized  by  carbon  numbers 
C9”Ci2»  Vapor  concentrations  of  137,500  mg/m^  (25  ppm)  of  Cg-CiQ  aromatics 
produced  lacrlmatlon  and/or  Irritation  of  the  eyes,  skin  and  mucous  membranes 
of  experimental  subjects.  For  the  Cii-Ci2  fraction,  the  minimum  vapor 
level  producing  these  effects  was  104,500  mg/m^  (19  ppm).  Odor  detection 
thresholds  were  11,000  mg/m^  (2  ppm)  and  2,500  mg/m^  (0.5  ppm),  respectively, 
for  the  Cg-CiQ  and  the  C11-C12  fractions. 

There  is  Insufficient  data  to  state  that  mists  of  SGF  No.  1 would  be 
harmless  to  humans  after  acute  exposure.  The  aromatic  components  of  the 
middle  distillate  fuels  are  probably  responsible  for  the  noted  respiratory 
tract  irritation,  whereas  the  paraffins  and  cycloparaffins  appear  to  be 
less  noxious. 
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2.  Acute  Cutaneous  Toxicity 

Among  Industrial  workers  who  were  exposed  to  diesel  fuel  (details  not 
given)  6 cases  of  acute  dermatitis  were  observed.  The  skin  reaction  occurred 
about  18  hours  following  exposure,  even  though  the  skin  had  been  thoroughly 
cleansed.  The  workers  described  a feeling  of  local  coolness,  followed  by 
burning  and  prurltls,  which  continued  for  as  long  as  several  hours  (42), 

Skin  contact  with  kerosene-contaminated  clothing  was  responsible  for  a 
case  of  epidermal  necrolysis,  which  occurred  on  the  second  day  of  a camping 
trip  in  a 12-year-old  backpacker  who  was  carrying  a fuel  container  which 
leaked  onto  his  clothing.  The  skin  eruption  involved  extensive  erythema 
and  detachment  of  epidermal  tissue  overlying  a purulent  exudate  (43).  This 
acute  chemical  burn  situation  may  be  equivalent  to  the  industrial  setting 
in  which  poor  personal  hygiene  practices,  such  as  wearing  contaminated  work 
clothes,  occur. 

Hydrocarbon  mixtures  boiling  in  the  177®-316“C  range  were  used  in 
24-hour  skin  patch  tests.  Kerosene  caused  skin  irritation,  of  varying 
degrees,  in  some  subjects.  A cycloparaf fin-rich  kerosene  fraction  in  the 
same  boiling  range  gave  more  positive  skin  reactions.  The  strongest  skin 
irritation  response  followed  patch  testing  with  a highly  aromatic  hydro- 
carbon mixture  also  in  the  same  boiling  range.  The  lower  boiling  fractions 
were  found  to  be  more  irritating  to  normal  skin  than  higher  boiling,  oily 
tractions.  The  irritation  resulted  in  an  ecsematous  skin  reaction  (22). 

Yaxley  (44)  presented  a case  of  a diesel  fuel  injection  Injury.  In 
the  diesel  engine,  fuel  is  forced  from  small  jets  at  a high  pressure 
(6,000  Ib/ln^)  in. a stream  of  finely  divided  particlee  suitable  for  com- 
bustion* An  injection  tester  accidently  had  diesel  fuel  forced  into  the 
pulp  of  his  index  finger.  The  traumatized  finger  was  numb  at  first,  be- 
coming swollen  and  painful,  with  lymphangitis  of  the  dorsal  hand.  Although 
the  finger  was  incised  for  drainage,  by  the  eighth  day  after  the  Injury, 
the  wound  had  extended  through  the  terminal  phalynx,  which  became  dry  and 
gangrenous  by  the  22nd  day,  necessitating  amputation.  The  occurrence  of 
necrosis  and  gangrene  following  the  subcutaneous  tissue  trauma  and  contact 
with  diesel  fuel  is  supported  by  the  fact  that  small  eunounts  of  the  sub- 
stance produced  sterile  abscesses  when  Injected  subcutaneously  into 
rabbit  ears,  according  to  the  author. 

The  aromatic  hydrocarbons  present  in  middle  distillate  fuels  can 
produce  acute  skin  changes  such  as  vasodilatation,  redness  and  irritation, 
when  the  skin  is  exposed  to  them  in  concentrated  form.  Short  alkyl  side 
groups  and  branching  in  the  molecules  Increase  their  irritant  potency* 

Aromatic  hydrocarbon  fractions  containing  C9-Ci2  constituents  may 
produce  skin  lesions  severe  enough  to  cause  scarring  (41).  Pure  mono- 
methylated  naphthalenes,  which  are  found  in  middle  distillates,  produce 
only  negative  or  slight  akin  reactions  in  persons  undergoing  24-hour  patch 
tests.  Gerarde  believes  that  repeated  overexposure  to  monomethylated 
naphthalenes  may  result  in  local  irritation  of  the  eyes,  mucous  mwnbranes 
and  skin.  Skin  contact  with  durene,  a tetramethylbenzene,  causes  dehydra- 
tion and  defatting  of  the  skin,  leading  to  deirmatltls  (8) , 
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3,  Acute  Gastrointestinal  and  Pulmonary  Toxicity 


It  has  been  pointed  out  that  middle  distillates  may  be  irritants,  and 
that  the  aromatic  constituents  are  probably  responsible  for  this  effect. 
Uncomplicated  Ingestion  (without  aspiration)  will  Irritate  the  mucous  mem- 
branes of  the  mouth,  throat  and  upper  gastrointestinal  tract.  Lejeune 
et  al.  (45)  reported  a case  of  a worker  who  swallowed  a quantity  of  fuel 
oil  (of  unspecified  composition)  during  a siphoning  operation.  The  result 
was  an  acute  gastritis,  with  Epigastric  pain  and  slight  hematemesls,  which 
became  subacute  but  persisted  for  3 weeks.  Early  x-rays  revealed  gastric 
mucosal  lesions  and  gastric  hypermotlllty.  The  lesions  were  completely 
resolved  by  1 1/2  months  after  the  episode,  l.e.  there  were  no  radiologic 
sequellae.  No  systemic  Involvement  was  noted. 

The  danger  of  ingestion  of  middle  distillate  fuels  is  that  aspiration 
and  resultant  chemical  pneumonitis  almost  always  follow  due  to  coughing  or 
gagging  triggered  by  the  fuel.  Accidental  ingestion  of  kerosene,  as  studied 
by  Olsen  (46)  causes  Intense  irritation  of  the  upper  gastrointestinal 
tract,  with  immediate  vomiting  in  many  cases.  Cough,  dyspnea  and  a blood- 
tinged  frothy  discharge  from  the  mouth  or  nose  indicate  that  material  has 
entered  the  lungs. 

There  are  two  mechanisms  proposed  for  the  develo~>ment  of  pneumonitis 
(46),  The  more  probable  is  direct  aspiration.  The  se^'^ufi  mechanism 
is  based  on  the  observation  that  some  hydrocarbons  which  are  absorbed 
from  the  digestive  tract  into  the  bloodstream  are  excreted  through  the 
pulmonary  capillaries  and  exhaled,  resulting  in  the  pulmonary  irritation. 

Szamosl  et  al.  (47)  reported  30  cases  of  diesel  fuel  ingestion  by 
children  under  6 years  old.  Signs  and  symptoms  included:  cough  in  13; 
dyspnea  in  3;  pneumonia  (x-ray  evidence)  in  25;  clinical  pneumonia 
in  10;  tachycardia  in  19;  somnolence  in  13;  cardiac  dilatation  in  10; 
vomiting  in  20;  fever  (38®-39°C)  in  15;  increased  erythrocyte  sedimentation 
rate  in  13;  and  breath  and  vomitus  of  characteristic  odor  in  18  of  the  30 
cases.  Aspiration  was  chiefly  responsible  for  toxicity  and  mortality. 
Pneumonia  and  fever  were  frequent  in  diesel  fuel  intoxication,  in  contrast 
with  gasoline,  which  caused  pulmonary  edema  and  death. 

Aspiration  of  diesel  fuel  in  a 44-year-old  man  caused  initial  coughing 
and  emesis,  followed  by  marked  dyspnea,  sinus  tachycardia  and  low-grade 
fever  within  a few  hours.  Progressive  infiltration  of  the  right  lung  lead 
to  cardiorespiratory  insufficiency  and  death  after  17  days.  Autopsy  revealed 
extensive  bilateral  pulmonary  necrosis  and  gangrene.  Small  deposits  of 
Sudan  positive  (fatty)  material  were  found  near  the  necrotic  areas.  The 
severity  of  the  condition  may  have  been  due  to  the  quantity  of  fuel  Ingested 
and/or  to  hypersensitivity  from  repeated  occupational  exposure  (48) , 

Liquid  aromatic  hydrocarbon  mixtures  cause  chemical  pnetmonltls 
with  pulmonary  edema,  hemorrhage  and  necrosis  after  direct  contact  with 
lung  tissue  in  animals.  Aspiration  of  a small  quantity  causes  extensive 
injury  because  the  low  surface  tension  of  the  substance  enables  it  to  spread 
over  a large  area.  Liquid  alkylbenzenes,  alkylniphthalenes,  Indanes, 
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Indenes  and  commercial  hydrocarbon  mixtures  containing  these  substances  will 
cause  similar  damage,  according  to  Gerarde  (8).  It  appears  that  the  aromatic 
components  in  middle  distillate  fuels  are  responsible  for  the  severity  of  the 
pulmonary  injury  after  aspiration. 

4,  Chronic  Cutaneous  Toxicity 

While  middle  distillate  fuels  produce  dermatitis  In  some  individuals, 
others  who  are  exposed  for  years  experience  no  cutaneous  toxicity  (42). 

Repeated  contact  with  diesel  fuel  leads  to  constant  skin  erythema 
in  sensitive  individuals.  Tense,  painful,  dry  and  cracked  skin  is  char~ 
acterlstlc  and  especially  marked  in  akin  folds.  Eruptions  usually  contain 
a purulent  exudate  (42).  In  15  workers,  prolonged  skin  contact  caused  a 
slight  but  gradually  progressive  dermatitis.  Chronic  dermatitis  led  to 
pyoderma  in  another  18  cases.  Three  of  the  18  suffered  acute  dermatitis, 
characterised  by  transient  hyperemia,  edema,  vesiculatlon  and  sweating 
of  exposed  skin,  and  continued  contact  caused  abscess  formation.  The 
pyoderma  was  usually  localised  to  the  face,  forearms  and  back  of  the  hands. 
Abscess  development  was  favored  by  hypothermia  in  cold  weather,  fever  and 
excessive  perspiration.  Inadequate  personal  hygiene  was  also  a contri- 
buting factor  (42). 

A very  high  percentage  of  workers  in  an  asbestos-cement  factory 
developed  skin  lesions,  which  were  attributed  to  the  use  of  diesel  oil 
as  a molding  medium.  The  dermatitis  was  characterized  by  folliculitis  and 
furuncles.  It  would  worsen  in  warm  weather,  and  poor  personal  hygiene  was 
also  a factor  in  the.  severity  of  the  condition.  The  frequency  of  dermatitis 
de5'.rea8ed  markedly  when  a paraffin-water  emulsion  was  substituted  for  diesel 
oil  (49). 

Rao  (50)  noted  that  industrial  fuel  oil  dermatitis  occurred  in  some 
individuals  after  a few  months,  while  in  others,  resistance  continued  for 
years.  He  investigated  the  relationship  between  blood  group  (ABO  system) 
and  occurrence  of  dermatitis.  Twenty-five  workers  affected  with  industrial 
dermatitis  were  compared  with  25  workers  who  were  unaffected  after  at 
least  3 years  of  exposure.  The  A blood  group  was  evenly  distributed  be- 
tween the  2 groups  of  workers.  Two  out  of  3 persons  with  B blood  developed 
dermatitis,  as  did  1 out  of  3 with  blood  group  0.  There  were  too  few 
individuals  with  AB  blood  to  make  a similar  comparison.  Rao  concluded 
that  blood  grouping  provides  a rough  screening  test  for  the  prospective 
employees  to  be  engaged  in  work  connected  with  fuel  oils  during  pre- 
placement medical  examination. 

Diesel  engine  vapors  and  exhaust  were  implicated  in  a case  of  a 
32-year-old  diesel  truck  driver  who  developed  intermittent  follicular  derm- 
matitis  (as  well  as  neurologic  manifestations).  The  papular  eruption  was 
distributed  symmetrically  over  the  inner  skin  of  the  arms  and  legs,  skin 
folds  of  the  axilla  and  trunk.  Histologically,  subacute  infiltrating  in- 
flammation, dermal  sclerosis,  intracellular  vacuolization  and  epidermal 
hyperplasia  were  described.  The  heavy  vapors  and  exhaust  of  volatile 
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hydrocarbons  and  gas  oil  contaminated  the  cabin  when  ventilation  was  In- 
sufficient, and  the  skin  condition  would  worsen  for  example,  In  cold 
weather,  when  the  windows  of  the  unheated  cabin  were  closed  (51). 

Aromatic  hydrocarbons  In  middle  distillate  fuels  cause  defatting, 
drying,  scaling  and  flssurlng  of  skin  after  chronic  exposure.  However, 
skin  cancer  has  not  been  reported  In  connection  with  exposure  to  middle 
distillate  fuels.  The  high-boiling  polycyclic  aromatic  hydrocarbons  which 
may  be  present  in  blended  fuels  are  Inactive,  unless  refinery  procedures 
have  created  high  concentrations  of  them  in  the  particular  fuel  (8,  52). 


5.  Other  Chronic  Effects 

Lalgnel-Lavastlne  et  al.  (51)  reported  the  development  of  neurologi- 
cal manifestations  In  a diesel  truck  driver.  Symptoms  Included  vertigo, 
staggering,  nausea,  vomiting,  tingling  paresthesias,  dizziness  and  head- 
ache, persisting  for  several  minutes  to  a few  hours.  The  symptoms  would 
appear  moat  frequently  wlien  the  cabin  of  the  truck  was  poorly  ventilated 
and  engine  exhaust,  containing  gas  oil,  volatile  hydrocarbons  and  carbon 
monoxide  would  accumulate.  There  would  be  periods  of  complete  freedom 
from  symptoms*  Neurological  examination  revealed  no  abnormalities.  There 
was  a concurrent  dermatitis  In  this  case.  Evidence  Is  Insufficient  to 
Implicate  diesel  fuel  as  the  neurotoxic  agent,  since  the  exhaust  vapors 
contained  other  substances  as  well. 

C.  SGF  No.  2 Models 

SGF  No.  2,  a lubricating  oil,  is  similar  to  industrial  lubricating  oils 
and  their  mists.  Occupational  exposures  have  received  considerable  attention 
In  the  literature.  In  studies  of  respiratory  effects,  possible  carcinogenicity 
and  immunology,  among  others.  The  toxicological  aspects  of  the  use  of 
medicinal  mineral  oils,  especially  concerning  mineral  oil  pneumonia  and  Its 
relationship  to  bronchogenic  carcinoma,  have  also  been  reported  in  the  liter- 
ature. 

1.  Acute  Toxicity  of  Lubricating  Oil  Mist 

The  irritating  ability  of  fresh  motor  oil  aerosols  was  Investigated  in 
7 healthy  subjects  (4  males,  3 females)  who  sat  at  rest  In  a 10  m^  chamber 
for  10  minutes,  while  an  aerosol  generator  dispersed  the  oil.  Mean  diameters 
of  oil  droplets  were  0.2-0. 3 y*  Eye  Irritation,  lacrimatlon,  nose  and 
throat  sensations  were  recorded.  For  mineral  oils  in  concentrations  of 
10-40  mg/m^,  no  appreciable  Irritation  was  reported  after  a 10-minute  ex- 
posure. This  experiment  served  as  a control  for  evaluating  Irritants  sus- 
pended In  oil  aerosols  which  occur  In  smog  (40). 

2.  Chronic  Toxicity  of  Lubricating  Oil  and  Oil  Mist 

Situations  In  which  chronic  exposure  to  oils  and  oil  mists  occurs  Include 
the  following: 
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a.  Cotton  spinning  ^ The  lubricating  oil  used  on  cotton  mule  spindles 
is  called  spindle  oil. 

b.  Jute  spinning  ~ Burlap  and  sacking  are  made  from  jute  fibers 
which  are  soaked  in  a mineral  oil-water  emulsion  called  batching  oil. 

c.  Newspaper  Printing  - The  printing  ink  consists  of  carbon  black 
suspended  in  mineral  oil  derived  from  lubricating  oil. 

d.  Machine  Shops  - Metalworking  requires  oils  for  cooling  of  parts, 
cutting  operations  and  machine  lubrication. 

e.  Agriculture  - Crops  and  livestock  may  be  sprayed  with  mineral  oils 
containing  insecticides,  pesticides  or  other  chemicals. 

Atmospheric  concentrations  of  oil  mists  in  workplaces  have  been  measured, 
and  some  findings  are  presented  in  Table  7.  These  concentrations  vary  from 
0.5-402  mg/m^. 

In  the  majority  of  metal  machining  shops  in  Britain,  an  oil  haze  is 
visible;  it  can  be  very  intense  in  the  area  of  certain  automatic  machines 
into  which  continuous  bars  of  metal  are  fed  and  shaped  into  finished  products 
by  a series  of  cutting  operations,  and  which  spray  cutting  oil  on  the  metal 
being  worked  (53).  The  mists  are  not  limited  to  areas  near  the  machine; 
general  room  air  of  one  metal  working  plant  was  found  to  have  levels  of  mist 
averaging  87  mg/m^  (54).  This  author  likened  the  visibility  of  oil  mists  to 
that  of  cigarette  smoke,  l.e.,  the  Tyndall  effect. 

An  American  plant  manufacturing  automobile  brakes  was  investigated 
after  complaints  of  high  levels  of  oil  mists  had  been  received  (55). 

The  machines  were  found  to  splash  oil  and  mists  upon  workers,  as  well  as  on 
the  walkways  around  the  machines,  which  were  slippery  with  a film  of  oil. 

The  oil  mist  concentrations  were  considered  rather  dense  throughout  the 
facility.  Oil  nist  concentrations  of  l0-80i  of  the  Maximum  Allowable  Concen- 
tration (MAC)  ot  5 mg/m^  were  measured,  with  the  average  reported  as  2 mg/m^, 
which  is  402  of  t\e  MAC  (55). 

Toolsetters  and  machine  operators  are  in  most  intimate  contact  with  the 
oils  and  mists,  because  their  work  requires  constant  leaning  over  the  machines 
(e.g. , automatic  cutting  laachlne)  with  subsequent  groin  contamination  if  the 
machine  is  at  this  height,  as  well  as  contamination  of  the  face,  hands,  arms 
if  exposed  and  all  clothing  that  is  within  spashlng  range  of  the  particular 
machine.  Even  fully  automatic  machines  need  to  be  adjusted  and  maintained 
(18,  58,  59,  60). 

The  oil  mists  are  formed  when  the  oil  is  vaporized  at  the  high  tempera- 
ture zone  of  contact  between  the  work  and  the  tool,  and  then  condenses  into 
mist  droplets.  Automatic  screw  machines,  high  speed  grinders,  thread  milling, 
honing  and  grinding  of  razor  blades  and  high  speed  milling  operations  includ- 
ing cutting,  boring,  lathing,  milling  and  wire  drawing  will  all  generate  oil 
mists.  Intentional  spraying  of  oil  may  also  generate  mists,  such  as  for 
lubrication,  and  for  cooling  systems  for  machinery  (61). 
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TABLE  7. 

OIL  MIST  CONCENTRATIONS  IN  VARIOUS  INDUSTRIAL  ENVIRONMENTS 


Industry 

Measured  Concentration 
in  mg/m^ 

Reference 

Metal  machine  shop 

22-326;  average  110  at  the 
operating  machine 

Grupinski 

(54) 

II  II  tl 

8-402;  average  87 

machine  shop  room  air  In  general 

II 

II  It  II 

40-150 

Drasche  (56) 

Screw  manufacture 

1.0-14.2; 

6 observations 

Hendricks 

(57) 

Steel  manufacture 

0.8-50.0; 

33  observations 

II 

II 

Automobile  manufacture 

1.0-56.5; 

37  observations 

It 

II 

Copper  mining 

5.4-22.0; 

7 observations 

II 

II 

Newspaper  press  room 

2.0-16.6; 

3 observations 

It 

II 

If  If  II 

5-21 

Goldstein 

(24) 

et  al 

Brass  and  aluminum 
production 

1.4-20.7; 

5 observations 

Headricks 

(57) 

Automobile  brake 
manufacture 

0.5-4;  average  2 

Hervin  & Lucas 
(55) 
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There  are  no  known  studies  which  conclusively  prove  that  oil  mists 
are  harmless  (62).  Chronic  exposure  to  industrial  oil  aerosols  has  been  re~ 
viewed  in  relationship  to  oil  pneumonia,  respiratory  function  studies,  der- 
matitis, oil  acne,  and  cancer  of  the  lung,  akin  and  gastrointestinal  tract, 
and  general  and  cause-specific  mortality. 

a.  Carcinogenicity 

Squamous  cell  carcinoma  of  the  hands,  face,  and  scrotal  and  vulval  skin 
after  chronic  exposure  to  lubricating  oils  used  in  metal  machinery,  cotton 
and  jute  spinning  has  been  reported  widely  in  the  literature.  It  usually 
develops  in  areas  of  the  body  which  are  exposed  to  the  oils  most  frequently, 
and  usually  is  preceded  by  chronic  dermatitis,  which  is  highly  prevalent  in 
these  workers  (19,  20,  53,  59,  60,  63,  64).  .;^|^ause  of  the  interrelationship 
between  dermatitis  and  skin  cancer,  these  are  extensively  treated  as  a unit 
in  the  section  entitled  Cutaneous  Toxicity  and  Skin  Cancer. 

The  possible  association  between  lung  cancer  and  chronic  inhalation  of 
industrial  oil  mists  in  newspaper  printers,  metal  machinists  and  other  occu- 
pationally exposed  groups  has  been  examined  by  many  researchers,  who  have 
generally  concluded  that  no  definite  relationship  exists  between  oil  ex- 
posure and  lung  cancer  (18,  24,  56,  57,  58,  63,  65,  66,  6'^,  68).  The  research 
is  reviewed  in  the  section  entitled  PulnKsnary  Toxicity  and  Lung  Cancer, 

In  men  with  scrotal  cancer,  the  risk  of  devaloping  a second  primary 
(not  metastatic)  tumor  of  the  lung,  gastrointestinal  tract,  or  skin  has  been 
found  to  be  higher  than  expected  for  those  occupationally  exposed  to  lubri- 
cating oils  and  mists.  The  phrase  "enhanced  susceptibility"  has  been  used 
to  explain  this  finding  (18,  53,  63).  The  details  of  these  epidemiologic 
studies  are  presented  in  the  sections  dealing  with  skin,  lung,  and  gastro- 
intestinal tract  toxicity. 

b.  Pulmonary  Toxicity  and  Lung  Cancer 

Observations  of  the  filtering  efficiency  of  the  human  nose  and  on  the 
penetration  of  droplets  and  dusts  in  the  lung  demonstrate  that,  in  general, 
particles  or  droplets  greater  than  10-15  p in  diameter  are  filtered  out  of 
inspired  air  by  the  nose,  intermediate  size  droplets  (5-10  p in  diameter) 
impact  in  the  bronchial  tree,  and  the  smallest  droplets  (under  5 p in  diameter, 
alone  succeed  in  penetrating  to  the  alveoli.  The  largest  droplets  entering 
the  alveoli  tend  to  be  retained,  while  a considerable  percentage  of  those 
smaller  in  diameter  than  1 p are  exhaled.  In  other  words,  the  depth  of  pene- 
tration of  particles  or  droplets  into  the  lung  Increases  with  decreasing 
particle  size,  while  the  percentage  of  retention  increases  with  Increasing 
size  (69). 

Inhalation  of  mineral  oil  aerosols  generated  at  industrial  workplaces 
may  cause  oil  pneumonia  or  paraffinoma  (70).  Miller  1962  (71)  terms  the 
condition  "oil  aspiration  pneumonia"  because  of  its  resemblance  to  the 
pneumonias  produced  by  swallowing  and  aspirating  medicinal  mineral  oil. 
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Industrial  oil  mist  inhalation^  even  at  concentrations  over  50  rag/m^ 
for  many  years,  has  not  been  attributed  to  many  reported  cases  of  respiratory 
difficulties.  In  one  investigation  of  workers  exposed  for  up  to  18 
years  to  industrial  oil  mists  in  the  steel  industry,  there  was  no  evidence 
of  oil  pneuntonia,  focal  pneumonia  (paraffinoma),  bronchitis  or  diseases  of 
the  nose  or  throat.  X-ray  films  showed  Increased  linear  strlations  in  the 
lung  fields  of  some  of  the  workers,  the  Importance  of  which  was  questionable. 
Measurements  of  working  conditions  revealed  oil  mist  concentrations  up  to 
9 mg/m^,  with  70%  of  droplets  in  the  0. 8-1,0  u diameter  range  (57). 

Drasche  et  al.  (56)  evaluated  by  questionnaires  the  frequency  of  respir- 
atory complaints  (cough,  expectoration,  dyspnea)  in  443  workers  chronically 
exposed  to  oil-mist  concentrations  between  40.0  and  150.0  mg/m^.  The  oil- 
mists  were  derived  from  drilling  and  cutting  oils  used  in  metal  machining 
operations.  There  were  no  signs  of  respiratory  tract  irritation  due  to  ex- 
posure to  the  oil  mists.  Howver,  a protective  effect  of  oil  mist  exposure 
against  the  effects  of  smoking  was  significant  (p<0,05)  when  compared  with 
a control  group  of  398  workers  of  the  same  age  without  any  occupational 
exposure  to  oil  mists.  (Effects  of  smoking  were  not  defined). 

Goldstein  et  al,  1970  (24)  studied  oil  mist  occupational  exposure  in 
newspaper  pressmen.  The  mists  are  made  up  of  newspaper  ink  - a dispersion 
of  carbon  black  in  light  grade  mineral  oil,  which  is  an  extract  product  of 
lubricating  oil.  The  average  droplet  size  of  the  mineral  oil  mist  was  about 
15  V in  diameter,  with  15%  of  droplets  in  the  respirable  range  (i5  p).  Air 
concentrations  of  oil  mist  were  in  the  range  from  5-21  mg/m^.  Every  one  of 
460  pressmen  at  one  plant  who  returned  to  work  after  an  Illness  diagnosed 
by  his  physician  as  pneumonia,  received  chest  X-rays,  and  no  unresolved 
pneumonias  or  oil  pneumonia  was  found  on  the  films.  Smoking  histories  were 
not  obtained.  Frequency,  severity  and  disability  rates  of  men  with  absences 
from  work  for  respiratory  disease  for  8 or  more  days  from  1960-1964  were 
evaluated  for  the  same  460  pressmen  and  for  700  compositors,  who  were  not 
occupationally  expooed  to  oil  mist.  The  overall  respiratory  morbidity  showed 
no  evidence  for  greater  frequency  of  respiratory  illness  in  pressmen,  al- 
though there  was  a slightly  higher  5-year  average  severity  rate  for  the 
pressmen.  Analyses  of  mortality  data  for  15  years  showed  no  evidence  that 
exposure  to  oil  mist  Influenced  respiratory  disease  deaths  in  pressmen. 

There  were  3 pulmonary  carcinomas  in  the  pressmen  and  6 in  the  compositors. 
There  were  no  cases  of  emphysema  among  pressmen,  and  no  neoplasms  of  the  naso- 
pharyn^c  or  paranasal  sinuses  in  either  group. 

In  a study  conducted  by  the  National  Institute  of  Occupational  Safety 
and  Health  (NIOSH)  (55) , medical  evaluations  and  interviews  of  25  employees 
at  an  automobile  drum  and  disc  brake  manufacturing  plant,  where  mineral  oil- 
water  emulsions  were  used  in  machinery  operations,  and  oil  mist  concentra- 
tions averaged  2 mg/m^,  revealed  thet  minor  respiriitory  tract  infections 
tended  to  persist  for  inordinate  periods  of  time.  However,  there  was  no 
pattern  of  respiratory  tract  symptoms  which  was  suggestive  of  an  association 
with  the  occupational  oil  mist  exposure. 
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A cancer  mortality  study  in  3,189  white  males  who  were  employed  In 
metal  cutting  and  grinding  activities  for  at  least  one  year  between  ■5  938 
and  1567,  revealed  that  the  mortality  patterns  for  respiratory  cancer  did 
not  show  any  exposure-response  relationship  or  latency  effect  to  oil  mist 
exposure.  The  greatest  share  of  respiratory  cancer  mortality,  in  terms  of 
absolute  numbers  of  observed  and  expected  deaths,  was  contributed  by  men 
with  less  than  5 years  of  employment.  This  accounted  for  the  tendency  toward 
an  excess  of  respiratory  cancer  deaths  in  the  total  group  of  workers.  Cause- 
specific  mortality  rates  for  the  total  U.S.  white  male  population  were  used 
to  compute  expected  numbers  of  deaths.  Again,  there  was  no  unusual  mortality 
from  respiratory  cancer  among  the  men  exposed  to  lubricating  oil  mists  (65) . 

Nickol,  1970  (72)  found  no  clinical  or  radiographic  evidence  of  respir- 
atory system  abnormality  in  workers  in  the  ball  and  roller  industry  in  Britain, 
where  high  concentrations  of  oil  mist  of  alveolus-penetrating  size  are  gen- 
erated by  the  machinery.  From  1950-196A,  a total  of  492  deaths  was  reported 
for  male  employees  and  pensioners  from  a factory  employing  around  3,000  men. 
Forty  of  these  deaths  (8. 15%)  were  due  to  bronchial  cancer.  Bronchial  cancer 
mortality  rates  for  the  population  of  the  Borough  of  Chelmsford  and  for 
England  and  Wales,  from  1950-1964,  were  6.55X  and  6.44%,  respectively.  No 
conclusion  was  offered,  due  to  the  fact  that  the  group  of  workers  (including 
pensioners)  was  older  (not  age-matched)  than  the  general  population  of  Chelms- 
ford or  of  England  and  Wales, 

Respiratory  parameters  were  studied  in  77  male  and  female  employees 
occupationally  exposed  to  spindle  oil  mists.  There  were  decreases  in  vital 
capacity,  forced  breathing  capacity  and  maximum  ventilation  of  the  lungs  (ob- 
served vs.  expected  values  were  compared),  which  were  proportional  to  the 
length  of  employment,  being  most  remarkable  in  persons  employed  for  10  or 
more  years.  Oxygen  consumption  and  the  coefficient  of  oxygen  utilization 
Increased  with  increasing  length  of  employment.  Blood  catalase  determinations 
revealed  that  the  activity  of  this  enzyme  increased,  reaching  a maximum  at 
9-10  years  of  exposure  (employment),  and  then  fell  slightly.  Bruskin  and 
Kemchenko  believed  the  increased  catalase  activity  and  oxygen  consumption  in- 
dicated an  enhancement  of  itranuno logical  response  to  the  presence  of  oil  drop- 
lets in  the  respiratory  tract,  via  phagocytosis  or  other  detoxification 
mechanisms  in  the  lungs.  After  10  years  of  exposure,  the  defenses  were  maxi- 
mally utilized,  after  which  some  decline  began.  It  was  postulated  that  the 
rarity  of  occupational  oil  pneumonia  is  due  to  the  human  body's  capability 
of  rendering  the  Inhaled  oil  harmless  at  such  concentrations  as  are  met  within 
industrial  exposure.  The  chronic  oil  exposure  was,  however,  found  to  lower 
immunologic  defenses  of  rTOrkers,  as  evidenced  by  their  higher  than  expected 
rate  of  respiratory  illness,  especially  cold-like  diseases  (73). 

The  influence  of  occupational  oil  mist  exposure  upon  various  respiratory 
system  parameters  was  analyzed  in  over  1,700  men  who  worked  in  machine  shop 
environments  at  the  time  of  the  study.  It  was  found  that  age,  height,  years 
of  cigarette  smoking  and  smoking  habits  significantly  Influenced  forced 
vital  capacity,  one-second  forced  expiratory  volume,  cough  and  phlegm,  dyspnea 
and  wheezing,  but  that  years  on  the  job  was  not  a significant  predictor  for 


these  parameters.  Machine  shop  oil  mist  exposure  In  this  experimental  group 
was  not  associated  with  an  Increase  in  respiratory  symptoms  or  a decrease 
In  respiratory  performance  (74), 

In  the  same  study  (74),  work  histories  of  all  malao  who  died  between 
1942-1961  were  analyzed,  and.  It  was  found  that  2,9Z  of  the  total  deaths  were 
due  to  respiratory  system  malignancies  among  oil  mist  exposed  workers.  In 
non-exposed  workers  at  this  plant,  3,2%  of  the  total  deaths  were  due  to  can- 
cers of  the  respiratory  system.  It  was  concluded  that  oil  mist  exposure  had 
no  adverse  effect  upon  cause-specific  (respiratory  system)  mortality. 

According  to  Falk,  1964,  lung  cancer  In  workers  exposed  to  oil  mists 
has  been  minimal.  This  might  be  due  to  the  fact  that  It  is  more  difficult 
to  diagnose  lung  cancer  than,  e.g.,  skin  cancer  which  has  been  found  to  occur 
with  greater  frequency  in  these  workers.  Also,  effective  physiologic  de- 
fenses are  at  work  In  the  lungs,  possibly  to  prevent  initiation  of  carcino- 
genic processes  (66).  The  relationship  between  the  development  of  lung  cancer 
and  Intake  of  lubricating  oils  through  Inhalation,  ingestion  or  skin  contact 
Is  unknown  (57).  Kipling  stated  that  since  it  has  been  possible  to  produce 
lung  tumors  In  animals  by  painting  mineral  oil  distillates  on  the  skin  of 
their  backs.  Inhalation  of  oil  mist  may  not  be  a necessary  condition  for 
producing  bronchial  tumors.  Another  reason  why  oil  mist  cannot  be  definitely 
associated  with  lung  tumors  Is  the  lack  of  documentation  of  smoking  habits 
among  exposed  workers  (18). 


There  was  one  case  in  the  literature  in  which  a 63-year-old  man  pre- 
sented with  rapidly  developing  multifocal  alveolar  carcinoma.  Symptoms  had 
Included  dyspnea  and  later,  bronchiectasis  and  copious  expectoration.  Lung 
X-ray  films  revealed  bilateral  Infiltrates,  resembling  bronchopneumonia. 

This  patient  had  been  occupationally  exposed  to  mineral  oil  mists  In  a metal 
machine  shop  for  23  years.  His  smoking  habits  were  not  reported.  The  authors 
attributed  the  cancer  to  cutting  oil  exposure  (58) . 

In  1972,  Waterhouse  et  al,  (53)  reported  that  men  with  cancer  of  the 
scrotal  epithelium  due  to  occupational  exposure  to  mineral  cutting  oil  mists 
had  an  increased  Incidence  of  developing  another  primary  tumor  (not  a 
metastatls  of  the  scrotal  cancer).  Second  primaries  of  the  skin,  upper  ali- 
mentary tract  and  respiratory  tract  were  found  in  22  of  187  cases  of  scrotal 
cancer  from  1950-1967,  according  to  the  Birmingham,  England,  Regional  Cancer 
Registry  (BRCR),  The  expected  would  have  been  8.26  out  of  187  cases. 

Further  Investigations  by  Waldron  (63)  showed  that  in  288  scrotal  cancer 
cases  (all  causes)  registered  at  the  BRCR  between  1936-1971,  there  were  42 
subsequent  primary  tumors,  whereas  ’;he  expected  number  would  have  been  17.11 
second  primaries  — a significant  (p<0,001)  difference.  In  a subgroup  of 
162  men  occupationally  exposed  to  oil  mist,  an  excess  of  tiuoors  of  the  larynx, 
bronchus,  lip,  stomach  and  skin  was  found.  Machine  operators  and  tool  setters 
figured  predominantly  in  the  occupations  of  men  with  second  primaries,  to- 
gether contributing  more  than  half  of  the  cases. 

Waldron  then  studied  bronchial  and  laryngeal  cancer  cases,  categorized 
by  occupation,  in  men  registered  in  the  BRCR  between  1967-1969.  He  reported 


that  an  overall  excess  of  bronchial  tumors  was  noted  In  men  In  some  oily 
jobs  (p<0,001),  but  not  In  other  oily  jobs.  Metal  furnace  workers,  smiths 
and  forge  workers  %)ere  represented  In  the  excess  of  bronchial  tumors.  There 
was  no  excess,  however.  In  laryngeal  tumors  In  this  study.  The  conclusion 
reached  by  Waterhouse  (53)  was: 

If  the  fact  of  development  of  scrotal  epithelioma  Is  taken  as 
Identifying  a population  subgroup  with  evidence  either  of  ex- 
posure to  mineral  oil  or  of  hypersensitivity  to  mineral  oil 
exposure  or  both,  then  the  excess  of  second  primary  tumors  can 
be  taken  as  an  Index  of  the  sites  most  at  risk  to  a malignancy 
hazard  Inherent  In  extended  exposure  to  oil  mist. 

Waldron  further  stated  that  if  oil  mist  is  carcinogenic,  this  effect  appears 
to  be  exerted  only  on  a subset  of  the  exposed  population,  possibly  composed 
of  persons  having  an  enhanced  susceptibility,  the  basis  for  which  is  unclear. 
Waterhouse  felt  that  assessment  of  other  etlologlc  agents,  such  as  cigarette 
smoking  and  the  wide  prevalence  of  both  chronic  bronchitis  and  gastric  dis- 
orders [In  England]  was  necessary. 

The  basis  for  the  enhanced  susceptibility,  presumed  to  be  occurring  in 
Waldron's  cases,  may  lie  in  a constitutional  difference  in  the  body's  mecha- 
nisms of  metabolizing  lubricating  oil  components,  and  specifically,  differ- 
ences in  Induction  of  the  enzyme  aryl  hydrocarbon  hydroxylase  (18) . This 
enzyme,  as  discussed  in  the  metabolism  section  of  this  report.  Is  responsible 
for  microsomal  conversions  of  polycyclic  aromatic  hydrocarbons  into  epoxides, 
which  may  be  carcinogenic.  The  inducibility  of  aryl  hydrocarbon  hydroxylase 
activity  is  under  genetic  control.  Persons  with  a more  inducible  enzyme  might 
be  those  with  an  enhanced  susceptibility  to  tumors  from  chronic  exposure  to 
substances  such  as  lubricatinjg  oils  and  mists  (18)  . 

An  Interesting  finding  in  cases  of  lipoid  pneximonla  (due  to  aspiration 
of  medicinal  mineral  oil  or  oily  nose  drops)  is  the  occasional  coexistence 
of  a carcinoma,  especially  in  flbrotic  lung  tissue.  There  are  no  reports 
of  lipoid  pneumonia  with  bronchogenic  carcinoma  in  workers  with  industrial 
oil  exposure.  This  lack  of  evidence  may  be  due  to  the  difficulty  in  diagnos- 
ing this  confusing  disease  entity,  or  to  the  rarity  of  Industrial  oil  pneu- 
monias. The  topic  will  be  discussed  in  greater  depth  in  the  section  devoted 
to  the  toxicity  of  medicinal  mineral  oil. 

c.  Cutaneous  Toxicity  and  Skin  Cancer 

Lubricating  oils  used  in  automatic  metal  cutting  machinery  can  enter 
undamaged  skin,  can  penetrate  hair  follicules,  can  have  a solvent  or  de- 
fatting action,  affect  the  permeability  of  the  skin  to  other  substatices,  and 
act  as  a carrier  for  bacteria.  Oil  folliculitis,  warts  similar  to  those  of 
cotton  spinners,  and  rodent  ulcers  and  other  forms  of  carcinoma  have  been 
observed.  Water-oil  emulsions  ("soluble  oils")  seem  to  have  the  same  car- 
cinogenic potency  as  lubricating  oils  alone  (62) . These  observations  were 
based  on  the  condition  that  the  offending  lubricating  oils  had  not  been  re- 
fined to  remove  the  polycyclic  aromatic  hydrocarbons  which  have  been  found 
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to  be  carcinogenic  for  the  skin  of  humans  and  experimental  animals  (23). 
Refining  procedures  have  been  discussed  in  the  Physical  & Chemical  Properties 
section  of  this  report. 


Oil  dermatitis,  folliculitis,  acne,  ecsema  and  contact  sensitivity  have  been 
found  in  association  with  industrial  oil  and  oil  mist  exposure.  In  Britain, 
these  skin  conditionu  are  classified  by  the  Ministry  of  Social  Security, 
Productivity  and  Employment  under  the  heading  of  Pn42.  In  1950,  PDA2  was 
the  commonest  prescribed  occupational  disorder  in  Britain.  Twenty  percent 
of  all  PDA2  was  Industrial  eczema  due  to  exposure  to  metal  cutting  oils. 

Oil  acne  (folliculitis)  affected  as  many  as  80X  of  automatic  metal  machine 
wcikers  (59). 

The  same  author  observed  that  oil  acne  was  very  common  among  workers 
exposed  to  lubricating  oils  alone,  but  uncommon  with  exposure  to  wator~ 
oil  emulsions.  Minor  degrees  of  acne  on  the  arms  were  found  in  most  workers 
in  large  machine  shops.  The  back  of  the  hands,  forearms  and  thighs  were  most 
often  affected,  and  scarring  was  sometimes  noted  (59). 


One  medical  doctor  commented  that  in  his  experience  in  industry,  derma- 
titis, folliculitis,  acne  and  pimples  from  petroleum  distillates  could  de- 
velop in  anyone  if  the  length  of  exposure  was  sufficient  and  proper  protection 
and  scrupulous  cleanliness  were  lacking  (22). 


Ankennuller  observed  A9  cases  of  oil  acne  (30  mild  and  19  severe)  among 
2A5  workers  who  had  been  Ivtdustrially  exposed  to  lubricating,  cooling  and 
cutting  oils  for  at  least  18  months  (75). 


In  a plant  manufacturing  automobile  drum  and  disc  brakes,  medical  evalu- 
ations and  interviews  with  25  employees  exposed  to  water-oil  emulsion  cutting 
fluids  revealed  that  10  (AOX)  of  these  workers  had  varying  degrees  of  doi'ma- 
tltis,  of  which  9 (90%)  exhibited  oil  acne  and  folliculitis  (55). 

Jute  spinners,  wlio  were  exposed  to  batching  oils  (mostly  of  mineral  oil 
origin)  also  were  noted  to  have  a high  Incidence  of  dermatoses,  the  nature 
of  wliich  were  not  elaborated  upon  (19), 

The  mechanism  by  which  lubricating  oils  produce  skin  disorders  has  been 
described  as  a process  of  breaking  down  the  skin’s  protective  defenses. 
According  to  Hodgson  (59),  the  skin  is  a barrier  defense  system  varying 
in  thickness  and  compactness,  and  being  thicker  on  the  palms,  thinner  on  the 
dorsal  hand  surfaces,  and  very  thin  on  the  scrotum.  Integrity  of  the  barrier 
depends  upon  constitutional  factors  and  moisture  content.  Lipid  soluble 
agents  (oils)  easily  penetrate  the  barrier,  especially  the  scrotal  skin,  In- 
flmmnatlons,  eczemas,  oil  acne,  and  folliculitis  only  occur  ^rtven  the  barrier 
is  passed,  but  superficial  irritation  can  occur  where  the  oil  affects  only 
the  barrier.  Injury  to  the  barrier,  in  oexama,  after  trauma  or  through  loss 
of  moisture,  drying  and  cracking,  allows  penetration  of  the  oil.  It  was 
observed  that  the  amount  of  oil  exposure,  the  speed  of  the  cutting  opera- 
tions, the  flow  of  oil,  and  the  degree  of  aerosol  contamination  all  deter- 
mined the  risk  of  developing  oil  acne.  Friction  of  clothing  contaminated 
with  the  oil  against  the  skin  was  said  to  increase  penetration  of  oil  into 
hair  follicles. 
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Superficial  skin  Irritation  leads.  In  some  cases,  to  eczema.  If  lubricant 
exposure  continues.  Spindle  oil  has  lead  to  the  development  of  contact  derma- 
titis on  directly  exposed  skin.  Emulsion  oils  have  caused  skin  Irritation 
and,  possibly,  very  persistant  eczemas  in  persons  with  dry  skin  (59). 

Oil  granulomas  of  the  skin  were  described  as  small  elevations  or  ulcers 
resulting  from  penetration  of  oil  droplets  deeply  into  the  dermis  or  sub- 
cutaneous tissue,  due  usually  to  wound  trauma  (59). 

Oil  acne  and  folliculitis  result  from  mechanical  blockage  of  the  fol- 
licular openings  In  skin  exposed  to  Industrial  oils.  This  results  In  comedos 
(blackheads),  papules  (pimples),  and  varying  degrees  of  Inflammation  (55,  60). 

Coolant  oils  may  contain  microorganisms  which  can  cause  rancidity  to 
develop,  but  these  microbes  are  usually  Incapable  of  infecting  the  human  skin 
(55). 

Klauder  and  Brill  (1947,  22)  used  lubricating  oil  distillates  with  boil- 
ing ranges  above  315°C  (spindle  oil,  neutral  oil,  transformer  oil,  and  cutting 
oil)  In  skin  patch  tests  to  determine  variations  In  human  skin  reactions  to 
these  oils.  The  lubricants  generally  exerted  no  irritation  when  compared 
with  solvents  and  fuel  oils,  which  were  primary  cutaneous  irritants.  Twenty 
healthy  white  subjects  were  tested  with  a paraffinic  light  spindle  oil,  by 
wetting  a 2.5  cm  square  of  gauze  with  6 drops  of  oil  and  fastening  It  to  the 
skin  for  24  hours.  Positive  reactions  were  found  In  3 persons  (15%),  and 
were  classified  as  mild  erythema.  In  another  group  of  approximately  30  per- 
sons who  were  occupationally  exposed  to  petroleum  solvents  and  had  developed 
dermatitis  related  to  this  exposure,  paraffinic  spindle  oil  patch  tests  gave 
positive  skin  reactions  in  72%.  Skin  tests  were  also  performed  using  a 
cycloparaffinic  oil  fraction  boiling  in  the  lubricating  oil  range.  In  35 
white  persons  with  healthy  skin,  there  were  4 (11.4%)  positive  reactions. 

In  45  white  workers  with  dermatitis  due  to  occupational  exposure  to  solvents, 
there  were  32  (70,7%)  positive  reactions.  The  reactions  were  mild  erythema. 

In  18  black  persons  who  were  not  industrially  exposed  to  solvents,  there  was 
no  reaction  to  the  same  cycloparaffinic  oil  fraction.  Twenty  whites  with 
eczema  (not  due  to  occupational  exposure  to  solvents)  were  patch  tested  with 
this  cycloparaffinic  fraction,  and  11  patients  (55%)  had  mild  positive  re- 
act ions . 

The  authors  concluded  that  constitutional  factors,  such  as  race  and  the 
presence  of  dermatitis,  are  involved  in  determining  skin  reactivity  to  paraf- 
finic and  cycloparaffinic  lubricant  oils.  The  individual’s  tolerance  to 
lubricant  oils  can  be  determined  by  skin  patch  tests.  It  was  noted  that  dry 
or  senile  skin  might  be  more  sensitive  than  oily  skin  to  the  irritant  activity 
of  these  lubricants,  based  on  the  assumption  that  dry  skin  cannot  rapidly 
replace  the  fat  which  the  oil  takes  out.  The  increased  sensitivity  of  dry 
skin  to  fat  solvents  was  regarded  as  an  anatomic  and  physiologic  skin  defect, 
but  not  an  allergic  phenomenon  (22), 

The  prevalence  of  cutting  oil  dermatitis  in  industrial  plants  in 
Massachusetts  was  almost  unchanged  in  1943  and  1951,  although  over  1,000  in- 
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dustrlal  hygiene  bulletins  concerning  oil  dermatitis  had  been  printed  and 
distributed  upon  request  to  the  Industry  during  these  years.  Due  to  this 
cutting  oil  dermatitis  problem,  oils  were  obtained  which  fluoresced  In 
ultraviolet  light,  and  could  be  detected  on  skin  In  minute  quantities.  The 
fluorescent  oils  were  rubbed  onto  the  forearm  (number  of  subjects  not  given), 
then  washed  off  with  various  hand  soaps,  sand  soaps,  corn-meal  cleansers, 
sulfonated  oils  and  several  common  household  detergents.  Although  the  skin 
of  the  forearm  appeared  to  be  clean  after  washing.  It  fluoresced.  Indicating 
that  oil  was  still  present  In  the  skin  after  washing.  Not  one  of  the  28 
tested  cleansers  removed  the  oil  to  the  extent  that  there  was  no  fluorescence. 

This  unsuspected  lack  of  ability  to  clean  the  skin  was  considered  to  be 
an  important  factor  In  the  development  of  dermatitis  from  occupational  oil 
exposure  (64). 

Oil  dermatitis  Is  a possible  precursor  to  skin  cancer  (60).  In  prolonged 
skin  exposure  to  lubricating  oils,  or  in  cases  where  the  skin  barrier  is  not 
intact,  dermatitis  can  progress  into  chronic  degenerative  and  proliferative 
changes,  due  to  the  direct  Irritant  action  of  the  oil,  and  the  carcinogens 
and  carcinogenic  accelerators  in  the  oil.  The  thin  protective  barrier  of 
the  scrotum,  as  well  as  areas  of  skin  soiled  by  clothing  are  likely  locations 
for  skin  cancer  to  occur.  Bare-footed  cotton-mill  workers  used  to  develop 
tumors  on  their  feet  and  legs  (59). 

Premallgnant  changes  In  skin  include  progressive  darkening,  net-llke 
discolorations,  tendency  to  sunburn  easily,  and  later  chronic  atrophic  or 
thickened  skin  with  telangiectasia,  labelled  as  Melanodermatltls  toxica 
In  machinists  In  1918,  Premallgnant  changes  serve  as  a background  for  the 
appearance  of  benign  and  malignant  skin  tumors.  The  weak  oil  carcinogens 
may  require  15  or  more  years  for  incubation  of  keratoses  (squamous  cell  car- 
cinomas) (19,  64). 

According  to  Thony  et  al,,  1976  (20)  continual  contact  of  skin  with 
liquid  lubricants,  especially  from  clothes  soiled  by  leaning  over  oily  machines, 
and  the  viscosity  of  the  oils  are  important  factors  In  carcinogenesis.  Ex- 
posure of  the  affected  skin  to  sunlight  may  also  be  a contributing  factor  (59). 
Cases  of  skin  cancer  due  to  petrolexim  oils  us‘''i  in  Industries  such  as  cotton 
mule  spinning  and  metal  manufacture  reached  a peak  In  1928  and  declined  slowly 
by  1945,  due  to  the  introduction  of  refining  processes — concentrated  sulfuric 
acid  washing  in  the  1930' s and  later  on,  solvent  extraction — for  these  In- 
dustrially used  oils.  (These  processes  remove  polycyclic  aromatic  hydro- 
carbons.) From  1923-1927  in  the  United  Kingdom,  there  were  361  cases  of 
skin  and  scrotal  cancer  in  cotton  mule  spinners,  of  which  104  were  fatal. 

By  1935,  there  were  70  more  cases,  and  by  1940,  only  40  more  cases  (66). 

The  use  of  refined  oils  and  the  decline  in  mule  spinning  have  reduced 
skin  cancers  in  the  cotton  industry,  but  the  annual  Incidence  of  scrotal 
cancer  in  Birmingham  remains  the  highest  In  the  United  Kingdom  due  to  the 
fact  that  Birmingham  is  the  engineering  industrial  center  of  the  country 
(18). 


In  machine  shops  and  factories  In  the  United  States,  Canada,  Norway  and 
Sweden,  cancer  cases  due  to  occupational  oil  exposure  have  not  been  as  numer- 
ous as  In  Britain.  In  Holland,  there  have  been  no  reports  of  scrotal  cancer 
among  workers  exposed  to  oils,  and  In  Australia  the  disease  Is  rarely  en- 
countered. Kipling  offered  no  explanation  for  these  observed  International 
differences  In  Incidence  of  scrotal  cancer  (18) . 

The  Birmingham  Regional  Cancer  Registry  reported  298  cases  of  scrotal 
cancer  from  1936-1972,  with  a slight  upward  trend  In  the  number  of  cases 
up  to  1956,  after  which  time  there  was  a marked  Increase  In  the  number  of 
cases.  Scrotal  cancer  remained  at  this  high  level  with  periodical  fluctua- 
tions. Between  1950-1972,  Waldron  (63)  found  that  85%  of  all  cases  of 
scrotal  cancer  could  be  traced  and  that  86.2%  of  these  had  exposure  to  oils 
(47.3%  to  lubricants  only,  2.7%  to  emulsion  oils  only,  and  the  remainder 
exposed  to  both  types  of  oil).  No  clear  pattern  of  oil  usage  emerged  because 
of  Insufficient  data  on  the  sources  and  composition  of  oils  to  which  the 
workers  were  exposed. 

These  oil  exposed  workers  with  scrotal  cancer  were  found  to  have  sig- 
nificant (p<0.001)  excesses  of  second  primary  tumors  of  the  skin,  respiratory 
tract  and  digestive  tract.  Machine  operators  and  tool  setters  were  account- 
able for  over  half  of  the  cases  of  second  primaries. 

An  editorial  In  the  British  Medical  Journal,  1969,  pointed  out  that 
between  1920  and  1943  there  were  no  fewer  than  1,441  cases  of  skin  cancer 
attributable  to  Industrial  exposure  to  mineral  oils,  and  that  855  were 
scrotal  cancers.  Scrotal  cancers  were  more  frequently  fatal  than  cancers 
arising  on  the  hands  and  forearms.  A few  women  workers  in  the  cotton  indus- 
try had  developed  cancer  of  the  vulval  skin  (76). 

As  of  1950,  as  many  as  60%  of  workers  exposed  to  liquid  cutting  lubri- 
cants for  over  15  years  developed  chronic  Inflammatory  and  cancerous  changes 
on  the  hands,  forearms  and  scrotum,  according  to  the  British  Ministry  of 
Social  Security,  Productivity  and  Employment  records  (59). 

In  1966,  the  widow  of  a man  'dio  died  from  scrotal  cancer,  which  was 
alleged  to  have  resulted  from  occupational  exposure  to  certain  mineral  oils, 
fought  a successful  action  against  a large  engineering  company,  and  secured 
an  award  of  about  $20,000  In  dcunages  (High  Court  of  Justice,  Queen's  Bench 
Division,  Birmingham  District  Registry.  Harriet  May  Stokes  versus  Guest 
Keen  & Nettlefold  (Bolts  and  Nuts)  Ltd.,  before  Mr.  Justice  Stanwick)  (60). 

In  650  automated  metal  Industries  in  one  region  of  France,  employing 
6,500  persons,  5,000  were  exposed  to  oils  by  direct  skin  contact  or  by  aero- 
sols of  oil  generated  In  the  machines.  Cutaneous  disorders  which  were  re- 
ported from  1960-1974  Included  133  cases  of  squamous  -^ell  carcinoma,  of 
which  63%  were  of  the  scrotum,  30%  were  of  the  arm  or  hand,  and  the  others 
were  mostly  of  the  face  and  neck.  The  scrotal  cancer  rate  for  the  exposed 
population  of  the  region  was  25  per  100,000,  which  was  36  times  higher  than 
the  rate  of  scrotal  cancer  in  the  unexposed  population.  Risk  factors  were 
studied  In  3,000  persons,  and  It  was  found  that  psychological,  social  and 
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constitutional  factors  contributed  to  the  risk  of  developing  cancer  as  well 
as  occupational  exposure  to  oils  and  degree  of  personal  and  occupational 
hygiene  (20) . 

Hodgson  noted  that  scrotal  cancer  Is  a very  rare  disease.  Most  men  who 
have  been  affected  in  the  metal  machining,  cotton  and  jute  Industries  were 
In  the  40~50  year  age  group  and  had  had  more  than  6 years  of  oil  exposure. 

In  contrast,  cancer  of  the  scrotum  in  non-occupationally  exposed  men  usually 
occurs  after  70  years  of  age  (59). 

d.  Gastrointestinal  Toxicity  and  Cancer 

Occupational  exposure  to  Industrial  lubricating  oils  has  not  been  re- 
ported as  an  etlologlc  agent  in  disorders  of  the  alimentary  tract.  In 
three  epidemiologic  studies,  cancer  and  mortality  rates  specific  for  the 
digestive  organs  were  briefly  examined,  and  the  findings  are  presented  here. 

In  a cancer  mortality  study  of  5,189  white  males  who  were  employed  in 
metal-working  industries  for  at  least  1 year,  between  1938  and  1967,  diges- 
tive disease  mortality  was  one  category  for  which  the  observed  numbers  of 
deaths  were  not  too  different  ‘ om  expected  values  (total  U.S.  white  male 
population).  Digestive  trac  cancer  patterns  did  not  suggest  any  oil  exposure- 
response  relationship.  For  men  employed  between  10-14  years  at  metal  machin- 
ing jobs,  there  were  9 observed  deaths,  as  compared  with  5.0  expected  deaths. 
Death  rates  for  specific  digestive  organ  cancers  were  not  examined.  The  con- 
clusion was  offered  that  digestive  cancer  mortality  was  not  so  different  from 
expected  mortality  as  to  indicate  any  serious  health  problems  (65) . 

From  1950-1967,  there  were  187  cases  of  scrotal  epithelioma  reported 
in  the  Birmingham  Regional  Cancer  Registry.  The  affected  men  had  increased 
incidence  of  developing  second  primary  tumors  in  general.  The  upper  alimentary 
tract  (larynx)  was  one  site  of  excessive  second  primary  tumors  in  these 
occupationally  exposed  workers.  Due  to  the  wide  prevalence  of  gastric  disorders 
in  the  general  population,  however,  further  study  was  deemed  necessary  before 
conclusions  could  be  presented  (53). 

In  a total  of  288  scrotal  cancer  cases  registered  at  the  Birmlngheun 
Regional  Cancer  Registry  between  1936-1971,  there  was  a significantly  greater 
(p<0.001)  number  of  second  primary  tumors  than  expected.  Excess  of  tumors 
of  the  lip  and  stomach  were  found  in  a subgroup  of  162  men  with  occupational 
oil  exposure.  The  details  of  this  study  and  conclusions  have  been  presented 
in  the  section  on  respiratory  cancer.  Briefly,  it  was  postulated  that 
because  cancer  was  manifested  in  only  a small  subset  of  the  exposed  popula- 
tion, unknown  factors  were  responsible  for  the  observed  enhanced  susceptibil- 
ity within  this  group  (63). 

e.  General  Mortality 

In  a 12-year  epidemiologic  study  of  oil  mist  exposure  at  a newspaper 
plant,  mortality  patterns  for  778  occupationally  exposed  pressmen  and  a non- 
exposed  group  of  1,207  compositors  were  compared.  Factors  including  age. 


duration  of  employment  at  the  plant,  study  years  and  causes  of  death  were 
considered.  Significantly  higher  death  rates  were  found  among  pressmen 
first  employed  at  40  years  of  age  or  more,  and  among  men  with  20  or  more 
years  of  employment  at  this  plant,  as  compared  with  the  compositors.  There 
were  no  significant  differences  In  death  rates  for  groups  first  employed 
at  less  than  40  years  of  age  (Including  those  working  for  20  or  more  years 
at  this  plant).  The  death  rates  were  75%  (585  out  of  778)  for  pressmen  and 
53Z  (634  out  of  1,207)  for  compositors.  There  were  no  obvious  trends  in 
causes  of  death  of  compositors  and  pressmen.  Additional  factors,  such  as 
previous  employment,  smoking  habits  and  medical  history  were  not  evaluated  (77). 

f.  Other  Effects 

No  Information  Is  available  on  the  toxicological  effects  of  exposure 
to  lubricating  oils  or  oil  mists  on  the  central  nervous  system,  cardio- 
vascular system,  blood  or  blood  forming  organs,  liver,  kidney  or  urogenital 
tract. 

0 

Studies  of  the  effects  on  growth,  behavior,  reproduction,  fertility  and 
teratogenesls  have  not  been  located  In  the  literature. 

3.  Toxicity  of  Medicinal  Mineral  Oil  and  Related  Formulations 

U.S.P.  mineral  oil,  also  called  liquid  petrolatum,  has  been  applied 
to  the  human  skin  (78,  79)  Ingested  as  a laxative  (71,  80),  used  in  oily 
nose  drops  and  sprays  (46,  71,  81),  and  employed  by  the  food  processing 
industry  (28)  as  well.  This  highly  refined  substance  has  been  found  In 
lungs,  liver,  lymph  nodes  and  spleens  of  apparently  healthy  people  with  no 
history  of  mineral  oil  Ingestion  or  other  use  (28).  It  has  been  found  that 
Ingestion  occasionally  causes  pneumonia  both  In  apparently  healthy  and  in 
debilitated  Individuals  (46,  57,  68,  71,  79,  81,  82,  83).  In  some  cases  of 
oil  pneumonia,  the  coexistence  of  carcinoma  in  the  involved  lungs  has  been 
documented  (18,  67,  63). 

An  examination  of  the  effects  of  medicinal  mineral  oil  Is  presented  In 
this  section,  in  an  attempt  to  elucidate  possible  toxicity  of  SGF  No.  2. 

It  must  be  kept  In  mind,  however,  that  U.S.P.  mineral  oil  is  a highly  re- 
fined, non-aromatic  extract  product  of  lubricating  oil  distillates  (as  dis- 
cussed in  the  Physical  and  Chemical  Properties  section  of  this  report)  and 
therefore,  mineral  oil  represents  only  a small  part  of  lubricating  oil  in 
its  chemical  composition.  Nevertheless,  Its  physical  properties  (viscosity 
and  "oilyness”)  are  similar  to  those  of  lubricants,  and,  using  this  rationale, 
the  effects  of  the  substance  on  various  tissues  and  organs  can  be  compared. 

a.  Cutaneous  Toxicity 

Application  of  mineral  oil  to  the  skin,  in  baby  lotions  and  other  cos- 
metic products  is  widespread.  Rebello,  1963  (84)  found  the  substance  capable 
of  producing  acanthosis.  His  experiment  on  15  subjects  involved  the  re- 
peated application  of  liquid  petrolatum  to  skin  previously  sensitized  to 
2,4-dinitrochlorobenzene  (DNCB).  The  subjects  (aged  14-70  years)  were 
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sensitized  by  wearing  an  occlusive  patch  containing  2%  DNCB  in  olive  oil 
for  48  hours.  Two  weeks  later,  the  subjects  were  tested  (challenge)  by  the 
closed  patch  method,  to  0.1  ml  of  O.IZ,  0.05%  and  0.01%  DNCB,  and  any  ery- 
thema, swelling  or  veslcul^tlon  were  noted.  This  procedure  was  performed  on 
the  volar  aspect  of  one  arm,  and  served  as  a sensitized  control. 

The  other  arm  was  exposed  to  U.S.P.  mineral  oil  just  following  the  DNCB 
sensitization  procedure  and  exposure  was  terminated  24  hours  prior  to  the 
challenge  with  DNCB.  Exposures  were  to  0.5  ml  of  U.S.P.  mineral  oil  twice 
daily  for  2 w^^eks•  Other  control  skin  sites  were  treated  with  mineral  oil 
alone.  In  non-sensltlzed  controls  some  instances  of  erythema,  veslculatlon 
and  papules  occurred,  but  skin  challenged  with  DNCB,  as  described  above,  pre- 
sented much  more  severe  reactions.  Spongiosis  and  veslculatlon  occurred  in 
one  30-year-old  female.  The  low  DNCB  challenge  concentrations  of  0.005%  and 
0.001%  produced  only  one  slight  reaction  in  12  subjects  in  control  areas, 
but  severe  or  moderately  severe  reactions  were  encountered  at  these  DNCB  con- 
centrations in  the  oil  treated  areas  in  6 out  of  12  subjects. 

Histolcgically,  the  skin  reactions  could  be  characterized  by  acanthosis, 
hypergranulosis  and  epidermal  and  follicular  hyperkeratosis,  with  mild  in- 
flammation of  the  corlum,  and  some  Instances  of  spongiosis  and  veslculatlon. 

The  ability  of  mineral  oil  to  produce  acanthosis  was  felt  to  be  the 
basis  for  the  increased  reactivity  of  sensitized  skin  to  a DNCB  challenge, 
caused  by  mineral  oil  pretreatment  (84). 

Although  no  other  human  skin  sensitivity  studies  could  be  located  in 
the  literature  of  mineral  oil,  animal  studies  in  calves  and  guinea  pigs  have 
confirmed  that  mineral  oil  is  capable  of  producing  mild  hyperkeratosis  after 
repeated  application  to  the  skin  (85). 

Another  skin  effect  of  mineral  oil  is  the  production  of  oil  acne  and 
folliculitis,  due  mainly  to  a blockage  of  skin  pores  by  the  oil.  The  same 
condition  has  been  reported  after  chronic  exposure  to  industrial  lubricating 
oils  (55,  59,  75). 

Cases  of  children  from  a collective  agricultural  settlement  in  Israel 
were  reported,  in  which  acne  of  the  face  occurred  in  association  with  weekly 
application  of  paraffin  oil  to  the  scalp  following  shampooing  of  the  hair. 

In  the  age  group  of  2-10  years,  approximately  25%  of  the  children  (16  boys 
and  10  girls)  were  affected  at  this  settlement.  The  eruption  was  fairly  uni- 
form over  the  face,  consisting  of  regular  groupings  of  pinhead-sized  pimples, 
with  little  or  no  inflammation.  The  mineral  oil  was  found  to  have  reached 
the  skin  of  the  face  and  chin  indirectly  by  contamination  of  the  covers  of 
the  pillows  on  which  the  children  slept,  the  eruption  usually  being  more 
marked  on  the  side  of  the  face  on  which  the  particular  individual  usually 
rested.  Elimination  of  the  use  of  this  mineral  oil  brought  about  the  slow 
disappearance  of  the  oil  acne  over  a period  of  about  6 months  (78). 

The  author  stated  that  the  mechanism  of  acne  production  Involved  clogging 
of  the  skin  pores  with  the  exogenous  oil.  The  clogged  pores,  l.e.,  comedos. 
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remained  as  unchanged  foreign  bodies,  with  little  or  no  Inflammatory  response, 
In  the  affected  children.  Unspecified  impurities  in  the  oil  also  might  have 
played  a causative  role  In  these  cases  (78). 

b.  Gastrointestinal  Toxicity 

Ingestion  of  U.S.P.  mineral  oil  as  a laxative  has  led  to  observations 
of  effects  on  the  digestive  system,  as  well  as  an  opportunity  to  examine 
absorption  and  distribution  of  the  substance.  The  absorption  etc,  of  mineral 
oil  are  discussed  In  the  pharmacokinetics  section  of  this  report. 

Some  conditions  for  which  mineral  oil  has  been  frequently  used  (with  or 
without  a physician's  advise)  are;  nasal  disorders;  perforated  ear  drum; 
oral  disorders  which  Interfere  with  the  swallowing  mechanism;  pressure  In 
the  throat  or  neck  from  tumors,  lymphatic  enlargement,  or  goiter;  scarring 
and  contracture  from  tracheotomy  or  other  causes;  esophageal  diverticulum; 
esophageal  structure;  the  passage  of  tubes.  Instruments  or  dilators  lubricated 
with  mineral  oil;  cardiospasm  with  regurgitation  and  aspiration;  tumor  or 
polyp  In  any  part  of  the  gastrointestinal  tract;  esophagitis,  esophageal  ul- 
ceration or  esophageal  varices;  peptic  ulcer  with  or  without  pyloric  obstruc- 
tion; spastic  colitis,  mucous  colitis,  atonic  colon;  prostatlc  hypertrophy 
or  prostatitis;  pregnancy,  pelvic  tumors;  hemorrhoids,  anal  fissure,  fistula 
or  stricture;  constipating  diets,  dehydration;  neurologic  disorders  such  as 
cerebrovascular  accidents,  multiple  sclerosis,  parkinsonism,  especially  with 
loss  of  gag  or  cough  reflex;  cardiovascular  diseases  such  as  myocardial  In- 
farction, cardiac  decompensation,  thrombophlebitis  (frequently  physicians 
advise  mineral  oil  to  prevent  straining  at  stool);  and  any  condition  associated 
with  prolonged  bed  rest  and  inactivity,  such  as  tuberculosis,  fractures, 
senility  or  psychoses. 

Mineral  oil  ingestion,  for  whatever  purpose,  was  once  thought  to  be  a 
dietetic  accessory  which  filtered  off  toxins,  aided  in  healing  lesions  of 
the  digestive  tract,  did  not  disturb  digestion  or  the  digestive  organs, 
was  non-absorbable,  was  excellent  for  use  in  surgery  and  pregnancy  and  was 
of  high  value  in  treating  obesity  (80), 

Mineral  oil  Ingestion  has  the  following  effects  on  the  gastrointestinal 
tract.  It  lubricates  the  sigmoid  rectum  and  creates  an  abnormal  fecal  reser- 
voir in  the  rectum,  which  normally  remains  empty  until  just  prior  to  defeca- 
tion. Mineral  oil  and  feces  remain  after  evacuation  adhering  to  the  rectal 
mucosa.  Mineral  oil  prevents  absorption  of  fat  soluble  vitamins  A,  D,  E 
and  K,  with  resultant  problems  related  to  deficiencies  of  these  vitamins 
(alteration  of  calcium  and  phosphorous  metabolism  through  Interference  with 
vitamin  D absorption;  hypoprothrombinemia  due  to  Interference  with  vitamin  K 
absorption).  It  coats  the  walls  of  the  intestine  and  food  particles,  inter- 
fering with  absorption  of  food,  and  sometimes  causing  severe  weight  loss. 

It  may  interfere  with  secretion  of  bile.  It  hastens  bowel  mobility  (80), 

Side  effects  occurring  with  chronic  mineral  oil  ingestion  Include  anal 
itching,  involuntary  discharge  of  oil,  flatulence  and  the  possibility  of 
cancer  (80) . 
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Dependency  may  develop  to  the  laxative  effects  of  mineral  oil,  because 
It  does  not  correct  the  cause  of  constipation.  As  larger  quantities  are  In- 
gested, the  unphyslologlc  bowel  function  progressively  worsens  (80). 

Mineral  oil  Is  emulsified  In  the  stomach  and  bowel,  and  absorbed  through 
the  intestinal  wall  In  sufficient  quantities  to  be  demonstrable  In  intestinal 
lymph  nodes,  liver,  spleen  and  other  tissues  (28,  80,  86,  87). 

c.  Pulmonary  Toxicity  and  Lung  Cancer 

Mineral  oil  has  been  found  in  the  lungs  of  Individuals  using  oily  nose 
drop  formulations  (A6,  70,  71,  83).  A 55-year-old  woman  was  admitted 
to  the  hospital  with  cough,  shortness  of  breath  and  x-ray  evidence  of  bi- 
lateral infiltrates  in  lung  fields,  which  had  already  been  present  for  9 years 
prior  to  admission.  She  had  been  using  oily  nose  drops  for  many  years. 

After  her  death,  autopsy  specimens  of  the  lungs  revealed  extensive  bilateral 
lipid  pneumonia;  the  nature  of  the  oily  substance  In  lung  sections  was  de- 
termined to  be  mineral  oil  by  unspecified  histologic  techniques  (46) . 

In  a similar  case  in  a 60-year-old  woman  with  clinical  and  radiologic 
signs  of  chronic  bilateral  pneumonia,  a history  of  use  of  oily  nose  drops  was 
elicited.  Sputum  lipids  were  analyzed  by  thin-layer  chromatography,  reveal- 
ing the  presence  of  mineral  oil,  and  confirming  a diagnosis  of  lipoid  pneu- 
monia (88). 

Mineral  oil  aspiration  apparently  occurs  in  normal  individuals,  as  they 
regurgitate  and  aspirate  gastric  contents  during  sleep  (46) . The  blandness 
of  mineral  oil  usually  allows  it  to  enter  the  respiratory  tract  without  causing 
reflex  gagging  or  coughing  (79,  82),  although  in  some  cases  it  has  been 
reported  to  stimulate  this  reflex  (71).  These  facts  may  explain  the  oil 
pneumonias  occurring  in  persons  known  to  have  taken  mineral  oil  for  constipa- 
tion at  bedtime  on  a chronic  basis  (46,  71). 

However,  the  infrequency  of  mineral  oil  pneumonia  in  the  thousands  of 
individuals  taking  mineral  oil  has  been  emphasized  (46,  57,  86).  In 
most  cases,  the  presence  of  mineral  oil  in  the  lungs  is  asymptomatic,  and 
is  an  incidental  autopsy  finding  (46,  70,  82).  The  occurrence  of  oil  pneu- 
monia in  infants,  debilitated  or  senile  adults  and  patients  with  neurologic 
impairment  or  pharyngo-esophageal  lesions  has  been  noted.  A defective 
swallowing  mechanism  may  predispose  to  mineral  oil  aspiration  (71). 

When  mineral  oil  enters  the  lungs,  the  reaction  which  occurs  takes  two 
forms:  paraffinoma  — a circumscribed  lesion  within  a lobe  of  the  lung,  easily 
mistaken  for  a tumor;  and/or,  diffuse  pneumonitis  — oil  droplets  widely  dis- 
seminated throughout  one  or  more  loLes  of  the  lung,  and  possibly  accompanied 
by  a bacterial  infection  (18,  57,  68).  The  presence  of  oil  in  the  lungs 
inhibits  ciliary  action  (71).  The  lung’s  response  to  mineral  oil  is  a 
foreign  body  reaction  within  and  around  alveoli,  with  diffuse  irflltratlon 
of  monocytes,  eosinophils,  plasma  cells  and  giant  cells.  The  reaction  serves 
to  eliminate  the  oil  by  its  expectoration  in  monocytes,  removal  b'’  lymphatics 
and  encystment  by  granulomas.  Fibrosis  occurs  first  as  thickening  of  the 
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alveolar  septum,  going  on  to  fibrous  nodules,  some  tubercla-llke,  around 
collections  of  oil,  and  resulting  In  proliferative  pneumonia.  This  may  appear 
as  a circumscribed  dense  acellular  mass,  surrounded  by  a concentric  ring  of 
fibrosis  with  a diameter  of  several  centimeters.  The  presence  of  free  oil  in 
alveoli  Is  obvious  on  gross  examination.  The  Involved  lung  tissue  may  be 
yellowish  or  brownish,  and  oil  may  be  expressed  by  pressing  or  scraping  with 
a knife.  Microscopically,  oll-fllled  macrophages  are  found  In  alveoli, 
lymphatics  and  lymph  nodes.  In  some  areas,  oil  collections  may  extend  into 
the  stroma  and  become  surrounded  by  Inflammatory  cells  and  multlnucleated  giant 
cells  (68,  70,  71,  81,  82,  88). 

The  pulmonary  reaction  varies  according  to  the  amount  of  oil  aspirated. 
Dependent  portions  of  the  lungs  are  most  commonly  Involved,  and  the  right 
lobes  more  often  than  the  left  (79).  When  small  amounts  of  mineral  oil 
are  added  to  the  lung  dally,  since  It  cannot  be  eliminated,  accumulation  of 
large  deposits  In  the  lungs  occurs  (68).  011  paraffinomas  may  put  pressure 
on  larger  bronchi,  produce  partial  obstinictlon  resulting  In  bronchlectatlc 
dilatation  or  produce  local  Inflammation  and  erosion.  Bronchial  and  bronchlolar 
Inflammation,  distortion  and  plugging  with  oil  have  been  noted  bronchoscoplcally 
and  bronchographlcally,  and  on  post-mortem  examination  (68,  71,  82). 

The  clinical  course  of  lipoid  pnetimonla  can  be  entirely  asymptomatic; 
many  times  the  condition  Is  only  discovered  at  autopsy  (70,  82).  The  clinical 
picture  may  be  a subacute  progressive  protracted  pneumonia,  or  may  be  marked 
by  recurrent  superimposed  bacterial  bronchopneumonias,  often  terminating 
fatally.  More  common  is  an  indolent,  benign  process,  clinically  resembling 
3 low  grade  bronchopulmonary  infection,  being  discovered  only  on  routine 
X-ray  examination  (70,  71). 

When  present,  clinical  symptoms  of  oil  pneumonia  are  non-specific, 
and  may  Include  dyspnea,  cough,  wheezing,  chest  pain,  purulent  sputum,  and 
hemoptysis  (71,  82). 

Physical  findings,  if  present,  are  non-diagnostic.  Rales,  wheezing, 
rhonchl,  and  areas  of  bronchial  breathing  and  dullness  may  occur.  Signs  are 
usually  found  at  the  lung  bases  (dependent  portions),  more  often  on  the 
right  side,  as  in  moat  pulmonary  aspiration  conditions  (71), 

Roentgenograph Ic  features  of  oil  pneumonia  are  not  characteristic.  The 
picture  may  be  one  of  unresolved  pneumonitis,  hilar  clouding,  a localized  density, 
or  widespread  fibrosis  (linear  densities).  The  lesion  Is  typically  unchanging, 
located  at  the  lung  bases,  and  the  X-ray  findings  are  out  of  proportion  to 
signs  and  symptoms  (71,  79,  82), 

In  the  differential  diagnosis  of  recurrent  pulmonary  infections,  atypical 
bacterial  or  viral  pneumonias  wlilch  do  not  resolve  normally,  diseases  mimicking 
tuberculosis,  chronic  bronchitis,  bronchiectasis,  chronic  lung  Inflammation 
and  tumor,  mineral  oil  aspiration  pneumonia  must  be  considered.  A careful 
sputum  examination  may  reveal  oil  contained  In  macrophages  or  free  oil  drop- 
lets, which  can  be  demonstrated  by  various  histologic  stains  which  differ- 
entiate mineral  oil  from  animal  and  vegetable  lipids  (see  Sampling  and  Analy- 
sis section  for  further  details  on  staining  techniques).  A past  history  of 
mineral  oil  use  Is  also  helpful  In  diagnosis  (71,  81,  88). 
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The  physiologic  impairment  of  the  respiratory  system  in  one  case  of 
lipoid  pneumonia  was  studied.  The  subject  was  a 55-year->old  white  man  with 
unusually  extensive  oil  pneumonia  of  8 years  duration,  lie  had  ingested 
mineral  oil  freely  at  bedtime  for  many  years,  and  reported  frequently  gagging, 
choking  or  coughing  during  ingestion.  He  felt  that  mineral  oil  was  beneficial 
and  ameliorated  symptoms  of  an  esophageal  condition.  He  experienced  malaise, 
cough,  wheezing,  hemoptysis  and  dyspnea.  Chest  X-ray  films  showed  extensive 
lung  infiltration  and  a cavity  in  the  left  lung.  Sputum  samples  taken  A dayc 
after  placement  on  a fat-free  diet  revealed  oil  droplets  in  macrophages  and 
extracellularly. 

The  following  physiologic  findings  were  reported; 

1.  Fifty  percent  decrease  in  vital  capacity  and  pulmonary  compliance. 
Increased  residual  volume  and  a 39%  Increase  in  the  residual  volume 
to  total  lung  capacity  ratio. 

2,  Decreased  maximal  breathing  capacity.  Increased  pulmonary  airway 
resistance,  air  trapping. 

3.  Arterial  oxygen  saturation  slightly  reduced  at  rest  and  markedly 
reduced  on  exercise,  elevated  CO2  partial  pressure,  compensated 
respiratory  acidosis. 

4,  Normal  diffusing  capacity  of  the  lung  for  oxygen  at  rest,  in- 
creased venous  admixture . 

The  above  findings,  although  suggestive  of  pulmonary  emphysema,  were 
thought  to  result  from  fibrosis  and  broncho- inflammatory  reactions  to  aspirated 
mineral  oil  (71) , 


A case  was  reported  of  a 60- year-old  woman  with  a history  of  repeated 
episodes  of  bronchopneumonia.  The  disease  took  a fatal  course,  and  it  was 
found  at  autopsy  that  chronic  cor  pulmonale  was  associated  with  an  extensive 
lipoid  pneumonia  from  mineral  oil  aspiration.  The  cor  pulmonale  was  thought 
to  have  come  about  secondarily,  due  to  the  extensive  degree  of  fibrosis  and 
restriction  of  the  pulmonary  vasculature.  Pulmonary  function  studies  had  not 
been  performed,  due  to  the  fact  that  the  patient  was  deaf  and  uncooperative. 
Blood  gas  values  had  been  normal,  and  polycythemia  was  not  evident,  ruling 
out  pulmonary  emphysema  as  a cause  of  the  cor  pulmonale  (82) . 

In  general,  therapy  of  mineral  oil  aspiration  pneumonia  involves  dis- 
continuing the  use  of  this  substance,  correcting  any  predisposing  condition, 
e.g.  swallowing  defect,  and  using  supportive  measures  and  antibiotics  when 
indicated.  Discontinuation  of  oil  use  may  lead  to  a stabilization  and 
possibly  a slow  resolution  of  lesions.  On  the  other  hand,  the  lesions  may 
slowly  progress  through  a process  of  reaspiration  of  oil  set  free  from  dis- 
integrating macrophages  which  have  been  coughed  up.  In  symptomatic 
patients,  resection  of  extensively  involved  lung  tissue  has  brought  about  a 
clearing  of  symptoms  (71) . 


The  relationship  between  mineral  oil  aspiration  pneumonia  and  lung  cancer 
is  discussed  in  the  section  entitled  Carcinogenicity. 
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d.  Carcinogenicity 

That  Dr.  Freund,  the  discoverer  of  the  mineral  oil  adjuvant  combinations, 
died  of  multiple  myeloma,  presumably  because  of  self  injections,  is  often 
cited  by  some  immunologists  (83) . However,  his  disease  was  diagnosed  as 
early  as  1845,  while  mineral  oil  came  into  use  only  in  1905-1910. 

In  a review  written  by  Prlgal,  in  1967,  the  essence  of  which  is  pre- 
sented below,  the  carcinogenicity  of  medicinal  mineral  oil  is  refuted. 

Mineral  oil  taken  orally  is  absorbed  and  found  in  lymph  nodes,  spleen 
and  liver,  with  no  evidence  of  carcinogenicity.  Oily  nose  drops  have  pro- 
duced oil  pneumonias,  but  no  evidence  of  carcinogenicity.  Mineral  oil  in- 
jected into  the  pleural  cavity  in  quantities  up  to  one  liter,  as  a treatment 
for  pulmonary  tuberculosis,  has  remained  in  the  pleural  cavity  for  30  years 
or  more  without  any  carcinogenic  activity  in  thousands  of  patients.  Intra- 
abdominal  instillation  of  up  to  one  liter  of  mineral  oil  for  the  prevention 
of  adhesions  following  abdominal  surgery,  has  led  to  cysts  and  oil  granu- 
lomas, chronic  inflammation  and  calcification  20  years  later,  but  no  evidence 
of  malignancy.  In  18,000  soldiers  injected  with  Influenza  vaccine  emul- 
sified in  mineral  oil,  nine  years  later  there  was  no  Increase  in  incidence 
of  malignancy  in  the  soldiers  when  compared  with  suitable  controls,  and 
no  increased  incidence  of  collagen  (auto-immune)  disorders.  Over  a million 
injections  containing  mineral  oil  have  been  given  to  humans,  and  no  malignancy 
at  the  injection  site  has  ever  been  reported  (83). 

Exposure  to  Fog  Oil  does  not  involve  injections  or  instillations  into 
the  body  and  its  cavities,  but  only  general  body  exposure,  including  inhala- 
tion and  some  ingestion.  That  medicinal  mineral  oil,  a highly  refined  and 
totally  saturated  hydrocarbon-containing  substance  extracted  from  lubricating 
oil  distillates,  is  seemingly  non-carcinogenic  — a fact  about  which  Prlgal 
is  thoroughly  convinced  — is  a moot  point  in  discussing  Fog  Oil.  It  must 
be  remembered  that  3GF  No.  2 does  contain  both  aromatic  hydrocarbons  with 
some  carcinogenic  activity,  and  cocarcinogenic  accelerators,  as  discussed 
under  lubricating  oil  carcinogenicity.  In  a few  cases  of  mineral  oil 
aspiration  pneumonia,  malignant  tumors  have  been  found  in  association  with 
the  disease  (18,  71). 

A 73-year-old  woman  with  esophageal  achalasia  and  chronic  mineral  oil 
pneumonia  died  following  surgery  for  a brain  tumor.  Lung  sections  taken  at 
autopsy  were  microscopically  observed  to  have  many  mineral  oil  granulomas 
and  focal  fibrosis.  In  one  extensively  fibrotic  section,  several  moderately 
well  differentiated  adenocarcinoma  nodules  end  some  with  a more  anaplastic 
pattern  were  found.  Metasrsr-is  to  tt,.,  train  ond  to  mediastinal  and  abdominal 
lymph  nodes  had  occurred  (67), 

The  possibility  exists  tuat  cancer  arose  secondarily  in  areas  of  pul- 
monary fibrosis,  rather  than  direcvly  from  a carcinogenic  effect  of  the  oil 
(18,  67,  68). 
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In  addition,  cancer  tissue  may  grossly  resemble  a pitraffinoma,  and  the 
association  of  these  two  conditions  may  be  overlooked  unless  many  sections 
of  the  mass  are  examined  (68). 

The  rarity  of  reported  cases  of  concomitant  mineral  oil  pneumonia  and 
lung  cancer  argues  against  the  carcinogenicity  of  aspirated  medicinal  mineral 
oil  in  humans.  In  the  same  vein,  cf  1.1-  consecutive  adenocarcinomas  of  the 
lung  from  the  autopsy  and  surgical  pathology  files  of  one  hospital  In  the 
USA,  no  lesion  suggestive  of  mineral  oil  pneumonia  was  found  (67). 

With  the  above  data  In  mind,  Bryan  stated  that  there  Is  no  reason  to 
suppose  that , carcinoma  Is  more  likely  to  develop  In  a scar  Induced  by  mineral 
oil  than  In  a scar  of  any  other  origin  (67). 
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IV.  ANIMAL  ' ITY 


In  this  > Ldpter,  the  discussion  of  toxic  effects  of  fog  oil  has  been 
divided  into  the  effects  of  SGF  No*  1,  a fuel,  and  the  effects  of  SGF  No,  2, 
a lubricant.  This  facilitates  the  discussion  of  these  two  dissimilar  fog 
oils. 

A,  SGF  No.  1 

Lushbaugh  (89)  obtained  SGF  No.  1 fog  oil  from  the  Chemical  Warfare 
Service  of  the  U.S,  Armed  Forces,  and  described  it  as  being  dark  in  color  and 
highly  fluorescent.  His  ecperlments  on  mice,  monkeys,  rats  and  rabbits 
are  the  only  SGF  No,  1 toxicological  studies  reported  in  the  literature, 

1.  Mice 

Equal  nximbers  of  male  and  female  month-old  strain  A mice,  250  animals  total, 
were  exposed  for  343  consecutive  days  to  SGF  No.  1 oil  mists  in  concentrations 
of  63  mg/m^,  average  droplet  diameter  about  0.9  lu  in  a continuous  exposure 
schedule  of  30  minutes  of  oil  mist  followed  by  30  minutes  of  room  air.  At 
monthly  intervals,  approximately  6 of  each  sex  were  killed.  An  equal  number  of 
unexposed  control  mice  were  utilized. 

There  was  histological  evidence  of  oil  accumulation  in  alveolar  macro- 
phages, but  no  lipoid  pneumonia  or  evidence  of  inflammation  was  found  in  mice 
exposed  for  100  days.  After  343  days  of  oil  mist  exposure,  the  mediastiixal 
and  peribronchial  lymph  nodes  contained  a larger  proportion  of  oil  than  the 
lungs.  A moderate  increase  in  death  rate  was  attributed  to  the  high  tempera- 
ature  of  the  exposure  cages  (above  90‘‘F)  rather  than  to  oil  mist  inhalation. 
There  were  more  pulmonary  tumors  in  exposed  than  unexposed  mice,  although 
the  tumor-free  life  was  not  reduced.  The  tumors  in  exposed  and  unexposed  mice 
did  not  differ  histologically.  The  tumors  in  exposed  mice  bore  no  spatial 
relationship  to  the  inhaled  oil  droplets.  The  incidence  of  the  lung  tumors 
in  control  and  exposed  mice  is  presented  in  Table  8. 

The  small  amount  of  oil  inhaled,  and  its  apparent  lack  of  irritating 
properties  in  the  fine  dispersion  which  was  administered  may  explain  the 
failure  of  SGF  No,  1 to  influence  the  incidence  or  time  of  occurrence  of  pul- 
monary neoplasms  in  the  strain  A mice,  which  are  highly  susceptible  to  car- 
cinogenic influences  (89) . 

2.  Rabtits 

Foul  rabbits  were  exposed  for  one  year  to  63  mg/m^  of  SGF  No.  1 fog  oil, 
average  droplet  diameter  0.9  q,  in  a continuous  exposure  schedule  of  30  minutes 
of  every  hour  of  every  day.  No  increase  in  incidence  of  pneumonia  over  con- 
trol unimals  was  noted.  Oil  was  found  in  microscopic  amounts  in  macrophages 
in  mediastinal  lymph  nodes  and  lymphatic  channels  of  the  lungs  and  pleura. 

No  fibroplastic  reaction  was  observed.  Histologic  examination  of  the  lungs 
showed  few  oil  lontaining  macrophai.,e3  in  intraalveolar  and  subpleural  loca- 
tions. None  of  the  rabbits  developed  pulmonary  tumors  (89). 
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TAB1.K  8. 

Xncldencts  of  Lung  Tumor*  in  Strain  A Mice 
Exposed  for  up  to  343  Days  to  SGF  No,  1 Fog  Oil 


Months  of 
Exposure 

Exposed  Mice 

Control  Mice 

Mice  Sex 

Av.  No. 
Tumors 
per 
Mouse 

Range  of 
No.  of 
Tumors 
per 

Mouse 

Mice 

Sex 

Av.  No. 
Tumors 
per 
Mou.se 

Range  of 
No.  of 
Tumors 
per 

Mouse 

6 

M 

0 

0 

5 

M 

0 

0 

6 

F 

0 

0 

5 

F 

0 

0 

6 

M 

0.3 

0-1 

5 

M 

0.8 

0-3 

6 

F 

1.0 

0-2 

5 

F 

0.4 

0-2 

• 

6 

M 

0.8 

0-3 

5 

M 

0.8 

0-2 

6 

F 

0.8 

0-2 

5 

F 

0.8 

0-2 

« 

6 

M 

1.2 

0-3 

5 

M 

l.O 

0-2 

6 

F 

0.5 

0-2 

5 

F 

1.6 

0-4 

* 

6 

M 

2.0 

0-7 

5 

M 

1.2 

0-2 

6 

V 

0.8 

0-2 

5 

F 

0.8 

0-3 

6 

M 

.1.5 

0-4 

5 

M 

0.4 

0-2 

6 

F 

2.5 

0-8 

5 

F 

2.0 

0-5 

7 ...  . 

. 

7 

M 

0.7 

0-2 

6 

M 

0.8 

0-2 

5 

F 

3.2 

O-ll 

6 

F 

2.3 

0-7 

8 . . . . 

• 

6 

M 

1.7 

1-3 

6 

M 

1.7 

0-3 

6 

F 

3.5 

1-6 

6 

F 

3.3 

0-10 

9 . . . . 

• 

5 

M 

2.2 

0-4 

6 

M 

1.5 

1-2 

7 

F 

3.6 

0-9 

6 

F 

2.7 

0-6 

10  . , . . 

• 

f) 

M 

2.7 

2-4 

6 

M 

2.0 

0-5 

fi 

F 

4.8 

1-7 
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3.  Rats 

In  80  albino  rats  continuously  exposed  for  one  year  to  63  mg/m^  of  SGF 
No.  1 fog  oil,  average  droplet  diameter  0.9  y.  In  a continuous  exposure  schedule 
of  30  minutes  fog  followed  by  30  minutes  of  room  air,  the  toxicological  find- 
ings were  Identical  to  those  of  the  previously  discussed  rabbits.  There  was 
no  Increase  In  Incidence  of  pneumonia  over  control  animals,  there  were  no  pul- 
monary tumors,  and  oil  accumulation  In  the  lungs  was  minimal  (89). 

4.  Monkeys 

Seven  thesus  monkeys  (Maaaaa  rmlatta)  were  exposed  to  SGF  No.  1 fog  oil,  for 
up  to  100  consecutive  days.  As  in  the  above  experiments,  the  fog  concentration 
was  63  mg/m^,  the  average  oil  droplet  diameter  was  0.9  y,  and  the  exposure 
schedule  was  30  minutes  of  every  hour  of  every  day.  Five  of  the  monkeys  died 
during  exposure,  after  44,  67,  71,  77  and  97  days,  respectively.  Another 
died  17  days  after  exposure  was  terminated,  and  the  last  monkey  was  killed 
1 1/2  years  later. 

Pulmonary  oil  accumulations  were  chemically  determined.  It  was  found 
that  the  amount  of  accumulated  oil  was  roughly  proportional  to  the  length  of 
exposure  of  the  monkeys.  The  analysis  of  pulmonary  oil  accumulation  in  the 
monkey  killed  1.5  years  following  the  end  of  the  100  day  exposure  was  lost; 
no  statement  of  the  time  required  for  the  oil  to  be  removed  from  the  lung 
could  therefore  be  made. 

Clinical  evidence  of  toxicity,  after  one  month  of  oil  exposure,  was  shown 
by  the  thinning  of  the  fur.  By  100  days  of  exposure,  bald  areas  were  observed 
over  more  than  half  of  the  body  surfaces  of  the  monkeys. 

There  was  marked  wasting  within  30  days,  due  to  decreased  food  intake, 
which  contributed  to  the  deaths  of  all  exposed  monkeys.  The  stomachs  appeared 
shrunken  and  fibrotic.  Histologically,  all  but  the  mucus-secreting  cells  of 
the  gastric  mucosa  were  atrophic,  which  was  typical  of  severe  hyperplastic 
gastritis.  The  gastric  mucosa  was  greatly  thickened  and  ulcerated  In  many 
areas.  Oil  filtered  out  of  nasal  passages  and  swallowed  could  have  caused 
the  severe  gastrointestinal  irritation  (89). 

An  earlier  report  of  these  same  monkey  experiments  focused  attention  on 
the  finding  of  gastric  adenocarcinomas  in  the  sixth  and  last  monkeys,  \rtiich 
was  attributed  to  ingestion  of  oil  contaminating  their  food  and  bodies  in 
addition  to  oil  that  was  breathed  and  swallowed  (90). 

The  authors  recommended  that  SGF  No.  1 should  be  treated  to  remove  car- 
cinogenic substances,  due  to  the  cancer  findings  reported  (90).  However,  in 
the  subsequent  paper  in  which  the  same  experiment  was  re-reported  (89 ) , the 
authors  stated  that  chromatographic  analyses  of  SGF  No.  1 indicated  the 
absence  of  any  carcinogenic  compounds,  and  they  further  made  no  mention  of 
the  gastric  carcinomas,  referring  instead  to  a phenomenon  of  infiltration  of 
mucosal  cells  into  the  submucosal  connective  tissue  in  a carclnoma-llke  fashion. 
Because  of  the  fact  that  the  two  reports  of  the  same  experiment  are  contra- 
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dictory,  no  conclusions  can  be  drawn  as  to  the  possible  carcinogenic  activity 
of  SGF  No.  1 fog  oil  for  the  gastrointestinal  tract  of  monkeys. 

The  pulmonary  oil  accumulation  in  the  7 monkeys  was  described  histologically 
as  focal  pneumonia  with  interstitial  inflammation.  Oil-containing  macrophages 
were  found  thinly  scattered  throughout  the  alveoli,  and  later  were  present  in 
the  lymphatics  of  the  lung  tissue.  Oil  contained  in  macrophages  was  present 
in  both  fine  and  large  droplets.  Longer  exposures  led  to  increased  numbers 
of  fibroblasts  and  connective  tissue  in  the  llpophage  containing  areas,  and 
the  formation  of  condensed  fibrotic  nodules  containing  oil. 

Monkey  1,  which  died  after  A4  days  of  exposure,  had  diffuse  pneumonitis. 
Monkey  2 had  a less  extensive  pneumonitis  than  monkey  1,  after  its  death  at 
67  days  of  exposure.  The  third  monkey,  which  died  after  71  days  of  exposure, 
had  twice  the  number  of  pulmonary  oil  macrophages  as  Monkey  2.  Alveoli  were 
occasionally  filled  with  clumped  oil-containing  macrophages.  These  cells 
were  also  increased  in  perivascular  tissue  and  lymphatic  channels.  Some  areas 
of  the  lungs  were  filled  with  a proteinaceous  exudate  containing  lymphocytes. 
Monkey  A died  after  77  days  of  exposure.  The  lungs  of  this  animal  were  simi- 
lar, except  for  the  exudate,  to  those  of  Monkey  3.  Monkey  5,  dead  after  97 
days  of  exposure,  had  Intra-alveolar  clamps  of  oil-containing  macrophages. 
Fibroplastic  reactions  were  developing  in  lymphatic  channels  and  connective 
tissue  areas.  Monkey  6,  which  died  17  days  after  termination  of  the  100-day 
exposure,  had  only  rare  alveolar  macrophages.  Almost  all  lipophages  were  in 
the  lymphatic  channels  and  perivascular  connective  tissue.  The  monkey  killed 
1.5  years  after  the  exposure  had  small  amounts  of  oil  in  lymph  nodes  and 
lymphatic  channels  of  the  lungs  where  small  fibroplastic  nodules  were  present. 
Clinically,  the  monkey  had  remained  well. 

It  was  further  stated  that  the  incidence  of  infectious  pneumonia  in  mon- 
keys exposed  to  oil  fogs  was  greatly  increased  in  comparison  with  other  unex- 
posed monkeys  (89) . 

B.  SGF  No.  1 Models 

The  toxicity  of  diesel  fuel,  deodorized  kerosene  and  alkyl  aromatic 
compounds  has  been  studied  in  various  animal  experiments.  Including  inhala- 
tion of  mists  and  vapors,  ingestion,  aspiration  and  percutaneous  application, 

1.  Toxicity  of  Mists  and  Vapors 

Rats,  rabbits,  mice,  dogs,  monkeys,  cats  and  guinea  pigs  have  been  ex- 
posed to  mists  of  middle  distillate  fuels  and  some  concentrates  of  individual 
hydrocarbons  which  are  found  in  these  fuels.  The  literature  is  presented  as 
follows; 

a.  Rats 

The  effect  of  diesel  fuel  on  the  surfactant  layer  of  the  lung  was  in- 
vestigated in  Wistar  rats  weighing  175  to  300  g.  The  animals  were  placed 
in  a 12-1  chamber  into  which  diesel  fuel,  vaporized  on  a hot  plate  at  A00®C 


and  then  cooled,  was  Introduced  in  aerosol  concentrations  up  to  10,000  mg/m^. 
Droplet  size  averaged  less  than  2 microns  In  diameter.  The  duration  of  ex- 
posure and  temperature  of  the  chamber  were  varied  In  an  unspecified  manner. 
Inhalation  did  not  damage  the  pulmonary  surfactant  layer,  as  demonstrated  by 
pressure-volume  lung  deflation  curves  (hysteresis)  at  low  transpulmonary 
pressures.  When  kerosene  was  substituted  for  diesel  fuel,  under  the  same 
conditions,  the  pulmonary  effects  were  equally  negative  (L4). 


Deodorized  kerosene  vapor  Inhalation  was  Investigated  by  Carpenter  et  al. 

( 7 ) , six  male  albino  rats  weighing  90-120  g were  placed  In  an  atmospheric 
chamber  saturated  with  kerosene  vapors  for  8 hours.  They  were  then  observed 
for  14  days  and  sacrificed.  The  rats  remained  normal  In  appearance  and  weight 
gain  and  there  were  no  remarkable  autopsy  findings.  Tests  were  perfoimted  on 
6 male  albino  rats  Inhaling  deodorized  kerosene  aerosols  with  droplet  size 
averaging  under  1 micron  In  diameter.  In  which  the  rata  Inhaled  concentrations  of 
6900  - 9600  mg/m^  for  6 hours  on  4 successive  days.  On  the  first  day  of  ex- 
posure, loss  of  coordination  and  sluggishness  occurred,  and  following  the 
second  exposure  day,  there  was  redness  of  the  extremities.  After  the  4th  day 
of  exposure  and  an  additional  day  of  rest,  the  skin  of  the  extremities  was 
dry  and  flaking,  and  remained  In  this  condition  for  4 days  following  exposure. 

One  of  the  6 had  slight  hair  loss.  Body  weight  remained  normal  during  and 
up  to  14  days  following  the  exposure. 

Carpenter  et  al.  also  investigated  the  subacute  inhalation  toxicity  of  de- 
odorized kerosene,  monitoring  body  weight  change  and  blood  and  urine  analyses 
in  male  rats  (26).  A group  of  25  rats  was  exposed  to  an  aerosol  concentration 
of  100  mg/m^  for  6 hr /day,  5 days/wk,  for  13  weeks.  There  were  also  25  unexposed 
rats.  One  rat  died  of  pneumonia  after  30  days.  No  weight  loss  had  been  noted. 

Mean  urine  pH  was  significantly  higher  (P  < 0.05)  and  specific  gravity  lower  than 
controls  after  8 weeks  of  exposure  but  both  had  returned  to  normal  values  by  13 
weeks.  One  rat  which  was  killed  after  8 weeks  of  exposure  had  a significantly 
elevated  serum  alkaline  phosphatase  activity,  related  to  '.he  pleural  adhesions 
and  abscess  bronchopneumonia  noted  on  autopsy.  The  other  rats  developed  no  ab- 
normalities considered  to  be  related  to  exposure.  There  were  no  other  statis- 
tically significant  deviations  from  the  control  group  in  any  of  the  monitored 
criteria.  Of  25  rats  exposed  to  50  mg/m^  of  deodorized  kerosene  aerosol  in  the 
same  schedule  as  above,  one  rat  lost  40  g of  weight  in  7 days  and  died  after  16 
days  of  exposure,  due  to  bronchopneumonia.  In  the  other  rats,  the  mean  erythrocyte 
count  was  slightly  depressed  at  8 weeks,  although  still  within  normal  limits,  re- 
turning to  control  levels  by  13  weeks.  Histopathological  reports  of  lesions  did 
not  differ  either  in  type  or  frequency  for  exposed  compared  to  control  rats. 
Sporadic  findings  of  slight  tubular  regeneration  of  the  kidneys  were  not  consid- 
ered to  be  treatment-related.  Carpenter  et  al . concluded  that  these  subacute 
exposures  did  not  produce  progressive  dosage-related  effects  which  could  be  con- 
sidered adverse  effects  caused  by  the  treatment . 

In  contrast  to  studies  with  diesel  fuel  and  deodorized  kerosene  (which 
contained  <3.9%  aromatics),  where  minimal  effects  were  produced  from  aerosol 
or  vapor  inhalation,  animals  inhaling  aromatic  hydrocarbon  distillates  in 
the  lower  end  of  the  diesel  fuel  boiling  range  suffered  severe  damage.  Nau 
et  al.  (41)  studied  the  C9-C12  fractions,  containing  alkylbenzenes,  naphtha- 
lenes, Indanes,  cycloparaffins  and  paraffins  (see  Table  9 ) in  rats,  using 
the  following  criteria  to  detect  changes  from  normal:  appearance,  behavior. 


weight  gain,  organ  weights , hematological  £lndlng8»  \)one  marrow  changes  and 
gross  and  histopathologic  changes.  Laboratory  rats  exposed  to  5200  mg/m^  of 
Cg-Cjo  vapors  for  18  hours  every  day  developed  lung  and  liver  congestion, 
enlarged  spleens  and  hemorrhagic  kldnftys  at  the  end  of  one  day  of  exposure. 

By  the  8th  day,  the  total  white  blood  cell  count  was  significantly  lowered, 
with  increased  neutrophil  and  decreased  lymphocyte  counts.  Expected 
weight  gains  did  not  occur,  and  there  was  increased  transparency  and  fragility 
of  the  femurs.  When  rata  were  exposed  to  3200  mg/m^  of  Cq-Cio  vapors,  under  the 
same  conditions  for  as  long  as  2,424  hours  there  was  sigrlf icantly  lower 
weight  gain  and  a significant  (p<0.05)  fall  in  the  total  white  blood  cell 
count.  Congestion  and  hemorrhages  were  present  in  the  lungs,  liver,  kidneys, 
spleen  and  omentum  after  a few  days  of  exposure.  After  54  hours  of  e::posure, 
there  were  focal  inflammatory  changes  in  the  lungs  and  fatty  livers.  After 
400  hours,  there  were  hemorrhages  around  the  nose  and  mouth.  Bilateral  cat-' 
aracts  developed  in  70%  of  rats  which  were  set  aside  for  2 months  with  no 
additional  exposure,  where  none  of  the  controls  developed  cataracts.  Eye 
changes  included  focal  accumulations  of  enlarged  epithelial  cells  with 
vacuolated  cytoplasm,  areas  of  fibroblastic  proliferation  but  no  inflam- 
matory cells.  There  were  no  significant  changes  in  organ  weight.  Numbers 
of  myelocytic  precursors  in  the  bone  marrow  were  increased. 

Rats  exposed  to  3200  mg/m^  vapors  of  Cg-Cjo  alkyl  aromatics  for  23.5 
hr/day  for  7 days  developed  hemorrhages  of  the  kidneys,  omentum  and  subcutaneous 
tissue.  Rats  exposed  continuously  to  3200  mg/m^  for  24,  36,  54  or  72  hours 
showed  transitory  blood  changes  only,  whereas  no  changes  occurred  in  rats 
exposed  to  3200  mg/m^  for  18  hours  per  day,  every  other  day  (total  of  3 ex- 
posures) and  then  set  aside  for  observation  for  9 months.  Lower  concentra- 
tions (1000  and  260  mg/m^)  produced  no  changes  in  rats  after  more  than  700 
hours  of  exposure  for  8 hours  a day,  5 days  a week. 


TABLE  9 


Alkyl  Aromatic  Composition  of  Fractions  Used 
Experimentally  by  Nau  et  al.  (41;. 


Components 

Cg-Cjo 
BP: 155- 

Fraction 

-200'’C 

Cir 

BP:: 

-Cl 2 Fraction 
200-249°C 

Paraffins 

20  mol 

% 

6 

mol 

% 

Cycloparaffins 

6 mol 

% 

0 

mol 

% 

Alkyl  bc:a2enes 

74  mol 

% 

44 

mol 

% 

Iiidans 

0 mol 

% 

27 

mol 

% 

Naphthalenes 

0 mol 

% 

23 

mol 

%* 

Tricyclics 

Alkylbenzenes 

0 mol 

% 

0 

mol 

% 

Cg 

42  mol 

% 

7 

mol 

% 

ClO 

29  mol 

% 

10 

mol 

% 

Cll 

3 mol 

% 

24 

mol 

% 

Ci2 

0 mol 

% 

5 

mol 

% 

Cl3 

0 mol 

% 

1 

mol 

% 

*13.5  mol  % naphthalene;  9.5  mol  % 2-raethyl  naphthalene 
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Rats  Inhaling  3200  mg/tn^  of  Cii~Ci2  alkyl  aromatic  vapors,  for  18  hours 
every  day  did  poorly;  50%  of  37  animals  dl4‘d  after  one  18~hour  period.  There 
was  severe  weight  loss,  engorgement  of  all  organs  with  blood,  small  spleen, 
and  liquid  and  gaseous  material  filling  the  Intestines.  Exposures  for  8 
hours  every  day  caused  rapid  deterioration  and  weight  loss  after  IS  days. 
Autopsy  findings  Included  small  spleen,  hemorrhagic  lungs  and  liver  and 
bloody  and  gaseous  Intestinal  contents.  Exposures  for  5 hours  a day  caused 
hair  coarsening,  emaciation  and  vesicles  around  the  eyes,  nose  and  feet, 
marked  decrease  in  the  total  white  blood  cell  count,  with  increased  neutro- 
phil and  decreased  lymphocyte  counts,  possible  CNS  depression  and  low  rates 
of  weight  gain,  femoral  softening  and  "watery"  bone  marrow  were  observed 
when  these  rats  were  exposed  for  up  to  1,683  hours.  There  were  no  cataracts. 
Good  recovery  occurred  over  4 months  follotring  the  end  of  the  experiment . 

Rats  exposed  to  1280  mg/m^  of  Cii-Cj2  vapors  for  8 hours  a day,  5 days 
a ^'aek  (90  exposures)  showed  a fall  in  white  blood  cell  count  and  a slower 
weight  gain  than  expected.  One  of  the  17  rats  developed  a cataract.  Bone 
marrow  revealed  an  increase  in  erythrocyte  precursors  and  a delayed  decrease 
in  the  proportion  of  myelocyte  precursors.  Rats  exposed  to  320  mg/m^  (same 
schedule)  showed  slight  slowing  of  expected  weight  gain,  and  the  same  bone 
marrow  changes  as  rats  exposed  to  1280  mg/m^. 

Acute  LCso  values  for  the  alkyl  aromatics  (41)  in  150  g rats  were 
14400  mg/m^of  Cg-Cio  for  7 hours,  and  4600  mg/m^  for  C11-C12  for  7 hours. 

In  the  latter  case,  4 out  of  10  rats  died  within  96  hours  following  expo- 
sure, whereas  with  the  lower-boiling  fraction,  4 out  of  10  died  after  7 
hours  of  exposure. 

In  rats  receiving  27  daily  one-hour  exposures  to  methylated  naphthalene 
solvent  mist  (an  aromatic  hydrocarbon),  at  a concentration  of  2830  mg/m^, 
median  droplet  size  of  3.15  microns,  there  were  no  deaths,  no  weight  losses, 
and  no  abnormal  hematological  findings  ( 8 ) . 

b.  Rabbits 

In  groups  of  rabbits  intermittently  exposed  to  diesel  fumes,  Samal 
et  al.  (91)  found  alterations  in  immunologic  response.  Animals  were  exposed 
for  2 hours  each  day  for  80  days  to  smoke  from  a mixture  of  diesel  and  motor 
oil  (100:6).  Subcutaneous  injections  of  typhoid-paratyphoid  vaccine  were 
given  on  day  0 (0.5  ml)  and  on  day  50  (1.0  ml),  and  antibody  titers  were 
estimated  by  the  Widal  test  (flocculation  and  precipitation) , before  expo- 
sure, and  then  every  10  days  throughout  the  experiment.  The  exposed  rabbits 
generated  less  antibody  to  the  vaccine  than  controls.  In  the  controls,  immune 
titers  showed  an  Initial  rise,  levelled  off  at  day  40  and  fell  after  day  70, 
while  in  the  experimental  animals  there  was  a steady  Increase  in  immune  titer 
for  70  days,  indicating  absence  of  the  secondary  response.  Other  possible 
effects  of  inhalation  of  the  fumes  were  not  discussed. 


Rabbits  inhaling  methylated  naphthalene  solvent  mist  (an  aromatic 
hydrocarbon)  at  a concentration  of  2830  mg/m^,  median  droplet  size  of  3.15 
microns,  for  one  hour  each  day  for  27  days  developed  redness  of  the  ears 
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after  the  4th  exposure.  There  were  no  hematological  abnormalities  and  no 
deaths.  Moderate  liver  fat  deposition  and  slight  epithelial  hyperkeratosis 
of  the  ears  were  the  only  pathological  findings  (8  )• 

c.  Mice 

Mouse  respiratory  rates  were  not  affected  by  high  kerosene  vapor  con- 
centrations (7) . Six  mice  exposed  to  6900  mg/m^  of  deodorized  kerosene  aerosol 
developed  a slightly  depressed  breathing  rate.  There  was  no  respiratory 
tract  irritation  from  exposure  to  saturated  vapors  at  room  temperature  or 

from  6900  mg/m^  aerosol  (duration  not  given) . 

• » 

Mice  exposed  to  2830  mg/m^  of  methylated  naphthalene  solvent  mist  for 
one  hour  daily  for  27  days  developed  dyspnea,  restlessness,  prostration, 
irritation  of  eyes  and  redness  of  ears  after  the  second  hour  of  exposure, 
and  slight  weight  loss  occurred.  Hematologic  studies  were  normal.  Eight 
out  of  20  died;  the  majority  of  these  deaths  occurred  during  the  first 
three  days  of  the  experiment.  Autopsy  findings  Included  bronchopneumonia, 
parabronchial  alveolar  septal  thickening,  edema  and  emphysema  (8). 

Nau  et  al.  (41)  determined  acute  inhalation  LC50  values  for  C9-C12  alkyl 
aromatic  hydrocarbons  in  27-grara  CFW  mice.  The  vapor  concentrations  were 
9700, and  3400  mg/m^  for  3 3/4  hours  for  Cg-Cjo  and  C11-C12,  respectively. 

d . Rhesus  monkeys 

Nau  et  al.  (41)  studied  the  effect  of  vapors  of  Cg-Cjo  alkyl  aromatic 
hydrocarbons  on  Rhesus  monkeys.  Three  monkeys,  weighing  1.8  kg,  inhaled 
1000  mg/m^  for  7 hours  a day,  5 days  a week  for  90  exposures.  They  appeared 
groggy  or  sedated  during  exposures.  Tremor  developed  during  the  first  week, 
and  then  diminished  throughout  the  experiment.  White  blood  cell  counts  de- 
creased, with  increased  neutrophil  and  decreased  lymphocyte  counts.  There 
was  hair  loss  and  dry  leathery  skin,  but  no  gross  or  microscopic  changes 
other  than  a slight  decrease  in  erythrocytic  and  myelocytic  precursors  in 
the  bone  marrow.  Monkeys  inhaling  260  mg/m^  under  the  same  exposure  schedule 
for  90  exposures  showed  no  changes  except  an  elevated  hematocrit  and  peri- 
pheral white  blood  cell  changes  similar  to  those  in  the  above-mentioned 
monkeys . 

Four  Rhesus  monkeys  exposed  to  1280  mg/m^  of  vapors  of  Cn-Cip  alkyl 
aromatics  for  7 hours  a day,  5 days  a week  (90  exposures)  developed  eye  and 
facial  irritation,  diarrhea  after  2 days,  neutrophilia  and  lymphocytopenia 
of  peripheral  blood,  and  increased  erythrocytic  and  decreased  myelocytic 
precursors  in  the  bone  marrow.  At  vapor  concentrations  of  300  mg/m^  (same 
exposure  schedule)  monkeys  developed  diarrhea  by  the  third  day  and  the  same 
changes  as  the  monkeys  exposed  to  1280  mg/m^. 

e.  Dogs 

The  subacute  inhalation  toxicity  of  deodorized  kerosene  was  investi- 
gated in  male  beagles  (7).  Body  xveight,  blood  and  urine  parameters  were 
monitored.  No  adverse  effects  were  noted  with  the  13-week  inhalation  of 
100  mg/m^  for  6 hours  a day,  5 days  a week.  There  was  a slight  elevation 
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of  polymorphonuclear  leukocytes.  Beagles  exposed  to  20  mg/m^  of  deodorized 
kerosene  aerosol  showed  a borderline  but  significant  (p<0.5)  mean  weight 
Increase  after  13  weeks.  There  were  no  treatment-related  histopathologic 
findings. 


Dogs  exposed  to  2830  mg/m^  of  methylated  naphthalene  mist  for  one  hour 
a day  developed  marked  salivation  after  the  4th  day  of  exposure.  There 
were  no  abnormal  hematological  findings  and  no  deaths  (8). 

f.  Cats 

Deodorized  kerosene  aerosol  concentrations  of  6400  mg/m^  produced  no 
signs  of  neurotoxicity  during  the  6-hour  exposure,  and  no  alterations  In 
weight  gain  for  14  days  following  the  exposure,  In  4 male  cats  of  mixed 
breed  (7).  No  treatment-related  abnormalities  were  revealed  at  the 
autopsies  performed  14  days  after  exposure. 

g.  Guinea  pigs 

Six  male  guinea  pigs  were  exposed  to  methylated  naphthalene  solvent 
mist,  in  a concentration  of  2830  mg/m^,  median  droplet  size  3.15  microns, 
for  one  hour  a day  for  27  days.  Dyspnea  occurred  following  each  exposure. 

There  were  no  weight  losses  or  hematological  abnormalities.  One  animal 
died  around  the  10th  day  of  exposure,  with  pulmonary  edema  evident  at 
autopsy  ( 8 ) . 

2.  Ingestion  and  Aspiration  Toxicity 

Ingestion  of  middle  distillate  fuels  by  farm  or  laboratory  animals 
may  lead  to  changes  in  blood  chemistry  and  hematologic  picture,  as  well  as 
gastrointestinal  tract  Involvement.  li  fuel  Is  aspirated  Into  the  lungs, 
pulmonary  damage  results.  Findings  in  rats,  rabbits,  and  farm  animals  are 
reportv3d . 

а.  Rats 

Diesel  fuel  was  said  to  have  a low  toxicity  in  rats,  in  a study  performed 
by  Starek  et  al.  (92).  In  138  Wistar  rats,  weighing  180-340  g,  given  diesel 
oil  by  stomach  tube,  an  oral  LD50  of  16.0  ml/kg  of  body  weight  (range  of 

б. 7-38.4  ml/kg)  was  established.  The  peripheral  blood  picture  in  rats  fed 
20  and  25  ml/kg/day  revealed  a significant  drop  in  hemoglobin  after  14  days, 
significant  reticulocytosls  after  7 and  14  days,  elevations  of  neutrophilic 
granulocytes  after  7 days  and  reduced  lymphocytes  and  thrombocytes.  Erythro- 
cyte counts  were  normal.  Elevated  serum  enzyme  levels  of  malate  dehydrogenase, 
aspartate  aminotransferase  and  alanine  aminotransferase  were  found,  but 
alkaline  phosphatase  levels  remained  normal.  The  subacute  lethal  dose  of 
diesel  fuel  In  rats  was  calculated  to  be  43.2%  of  the  acute  LD50,  l.e.  6.9 
ml/kg  of  body  weight  per  day,  based  on  observations  in  5 rats  orally  admin- 
istered Increasing  daily  dosages  from  0.06-10.8  ml/kg  of  body  weight  over 

a 32-day  period.  Three  died  when  the  dose  reached  3.2  ml/kg  on  day  18;  the 
other  2 died  when  the  dose  reached  10.8  ml/kg  on  day  32. 

Wistar  rats  weighing  175-300  g were  given  2. 0-3.0  ml  of  kerosene  by 
direct  Instillation  Into  the  duodenum.  In  the  9 experiments,  there  were 
no  changes  in  lung  stability  18  to  24  hours  later  as  measured  by  pressure- 
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volume  detetnnlnations  of  deflation  under  low  transpulmonary  pressure 
(hysteresis)  (14).  No  other  parameters  were  studied.  This  experiment  showed 
that  Ingestion  without  aspiration  of  kerosene  was  Incapable  of  causing 
respiratory  toxicity. 

Entry  of  middle  distillate  fuels  Into  the  lungs  will  cause  pulmonary 
damage  and  signs  of  respiratory  distress.  Wlstar  rats  weighing  175-300  g 
were  subjected  to  Instillation  of  0.01-0.10  ml  of  diesel  fuel  into  the 
trachea  via  a cannula.  The  animals  which  were  killed  15  minutes  later 
showed  significant,  dose  dependent  differences  In  pulmonary  stability 
(hysteresis).  Indicating  damage  to  the  surfactant  layer.  An  intratracheal 
dose  of  0.05  ml  of  diesel  fuel  produced  50%  mortality.  In  animals  remaining 
alive,  lung  stability  Increased  and  returned  to  normal  level  levels  after  48 
hours.  In  another  group  of  rats  given  0.1  ml/kg  body  weight,  after  14  days 
the  lungs  were  macroscoplcally  normal,  although  microscopically  there  were 
small  patches  of  resolving  pneumonia.  When  kerosene  or  mineral  seal  oil 
(boiling  range  196-292'’C;  76.6%  paraffinic,  1.4%  olefinlc,  22%  aromatic) 
were  instilled  into  the  trachea  in  the  same  experimental  setup,  the  pulmonary 
effects  were  indistinguishable  from  those  of  diesel  fuel.  The  ability  of  diesel 
fuel  and  similar  oils  to  damage  the  lung  lining  was  proportional  to  the  quantity 
which  was  introduced  into  the  trachea,  but  was  not  influenced  by  the  relative 
proportions  of  aromatic  and  paraffinic  hydrocarbons  in  the  oils  tested  (14) . 

Gerarde  (93)  studied  diesel  oil  aspiration  in  2 male  albino  Wlstar  rats 
weighing  300-400  g.  The  animals  were  given  0.02  ml  (a  mouthful)  while  apneic, 
and  the  material  was  aspirated  when  the  animals  regained  their  ability  to 
breathe.  This  dose  was  lethal  in  24  hours  for  2/2  rats.  Pulmonary  findings 
were  characteristic  of  acute  chemical  pneumonitis:  severe  pulmonary  edema, 
hemorrhage,  and  liver-like  appearance.  Clinically,  the  animals  developed 
tachypnea,  dyspnea,  cyanosis,  and  a blood-tinged  frothy  nasal  discharge. 

In  a discussion  of  related  hydrocarbon  mixtures,  Gerarde  (8  ) reported  that 
rats  aspirating  0.2  ml  of  kerosene  also  developed  acute  chemical  pneumoni- 
tis. Liquid  alkylbenzenes , alkylnanhthalenes , indanes,  indenes  and  commercial 
hydrocarbon  mixtures  containing  these  substances  also  damaged  the  lungs  when 
aspirated. 

b.  Rabbits 

Ten  rabbits,  weighing  around  2.5  kg  were  fed  1 ml/kg  body  weight  of  a 
fuel  oil  having  a boiling  range  of  150®-300°C.  Blood  sugar  levels  were 
determined  after  30  minutes,  2,  5,  7,  9 and  12  hours.  There  was  a gradual 
drop  in  blood  sugar,  reaching  minimum  values  (as  low  as  23%  below 
normal)  betv7een  5 and  7 hours,  and  returning  to  control  levels  by  12  hours. 
Petroleum  derivatives  boiling  in  slightly  lower  ranges  caused  similar  changes 
(94). 

After  observing  a patient  with  fatal  pulmonary  gangrene  following  diesel 
fuel  aspiration,  Haraszti  (^8)  was  able  to  reproduce  the  pathologic  effects 
in  the  laboratory.  In  rabbits,  6-8  days  following  intratracheal  administra- 
tion of  1 ml  of  diesel  fuel,  pulmonary  changes  of  progressive  interstitial 
infiltration  (hypermia,  capillary  endothelial  damage,  edema,  alveolar 
hemorrhage  or  exudation  and  bronchiolar  necrosis)  were  noted. 
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c.  Farm  animals 

Two  veterinary  reports  of  poisonings  in  a cow  and  an  ewe,  are  pre- 
sented, because  the  clinical  findings  are  indicative  of  systemic  toxicity. 
The  amount  of  fuel  Ingested  could  only  be  approximated  in  these  cases. 

The  ingestion  of  up  to  7 liters  of  diesel  fuel  by  a cow  lead  to  slight 
fever  (39.5“C),  reduced  heart  rate,  palpitations,  reduction  in  appetite 
and  slowing  of  peristalsis  in  the  first  stomach.  This  was  followed  by  mild 
diarrhea,  then  constipation,  a considerable  decrease  in  milk  production 
and  a stiff  and  uncertain  gait  suggestive  of  muscular  weakness.  Painful 
swelling  of  the  hind  fetlocks  occurred  5 days  after  the  poisoning.  The 
animal  slowly  recuperated  with  treatment  after  the  8th  day  (95). 

Ranger  (96)  reported  a case  of  poisoning  in  an  ewe  after  the  consump- 
tion of  diesel  fuel-soaked  grass.  The  animal  was  depressed,  weak,  had  lost 
weight,  and  had  a strong  odor  of  diesel  fuel  emanating  from  the  breath, 
urine  and  feces.  Slight  dyspnea,  respiratory  signs  and  Increased  rumenal 
peristalsis  were  also  reported.  After  10  days  without  Improvement,  the 
contents  of  the  rumen  were  removed  and  replaced.  The  rumenal  wall  contained 
an  area  with  raised  nodular  lesions  up  to  3 cm  in  diameter,  with  ulcerating 
caseous  centers.  Following  rumenotomy,  the  animal  recovered,  although  com- 
plete loss  of  fleece  occurred.  Hematological  changes  included  neutrophilic 
leukocytosis  and  moderate  normochromic  anemia,  but  there  were  no  changes 
in  serum  concentrations  of  liver  enzymes. 

3.  Cutaneous  Toxicity 

Sensitization,  primary  irritant  activity,  skin  painting  experiments 
in  various  species,  and  dermal  Implantation  are  reviewed. 

a.  Sensitisation  in  guinea  pigs 

Negative  results  were  reported  following  sensitization  studies  with 
diesel  fuel  in  24  white  male  guinea  pigs,  weighing  about  400  g.  The  Land- 
steiner  and  Jacobs  technique  was  utilized  (97) . 

b.  Primary  Irritation  in  rabbits 

Diesel  fuel  was  classified  as  a mild  primary  irritant  to  the  skin 
and  conjunctiva  of  the  eye  of  10  white  Belgian  rabbits  weighing  3500  g. 

The  Dralze  et  al,  method  was  employed  (97). 

c.  Percutaneous  toxicity 

Skin  painting  experiments  with  rats,  rabbits,  guinea  pigs  and  mice 
are  presented. 

(1).  rats 

In  male  Wistar  rats  weighing  around  250  g,  undiluted  diesel  oil  was 
applied  to  the  skin  of  the  tall  for  6 hours  each  day  for  10  days.  Epidermal 
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splitting  and  exfoliation,  hair  loss,  and  a papular  rash  occurred,  and  gen- 
erally receded  2-3  weeks  after  termination  of  exposure  (97).  There  was  no 
mortality  or  significant  weight  loss.  Blood  studies  did  reveal  decreased 
hemoglobin  concentrations  (11%  below  normal  on  the  17th  day  of  t^e  experiment) 
The  red  blood  cell  count  j^as  decreased  by  13%  on  day  17,  24  and  31.  The 
elevated  reticulocyte  count,  mean  58%  above  normal,  was  significant  (p<0.05) 
on  day  17.  The  leukocyte  count  was  up  by  61%  on  the  11th  and  17th  day. 
Neutrophilic  granulocytes  increased  by  175%,  which  was  statistically  signifi- 
cant (p<0.05)  on  day  11,  17  and  24.  There  were  no  changes  in  thrombocytes 
or  lymphocyte  counts.  Blood  serum  chemit try  revealed  increases  in  aspartate 
aminotransferase  and  the  intermediate  lactate  dehydrogenase  (LDH)  isoenzymes, 
and  decreased  activity  of  heart  and  liver  (muscle)  fractions  of  lactic  de- 
hydrogenase. The  authors  concluded  that  absorption  of  diesel  fuel  through 
the  skin  caused  a direct  effect  on  blood-forming  organs,  leading  to  decreased 
production  of  red  blood  cells  and  stimulation  of  reticulocyte  formation, 
neutrophilia  and  lymphocytopenia.  LDH  isoenzyme  changes  may  have  been  second- 
ary to  cell  damage  of  the  myocardium,  erythrocytes  and  hepatocytes . 

Starek  and  Cembala  (98)  investigated  the  skin  effects  of  Mentor  28, 
a substance  uued  in  the  electrcerosive  industry.  This  hydrocarbon  mixture 
distills  in  the  range  of  278®-320®C;  its  composition  is  77.0%  paraffinic 
and  cycloparaffinic,  19.9%  aromatic  and  3.1%  olefinic.  When  applied  to  the 
tail  akin  of  Wistar  rats  for  6 hours  a day  for  10  consecutive  days,  splitting 
exfoliation  of  epidermis,  hair  loss  and  nodular  exanthema  resulted.  Cosmetic 
naphtha  (99%  paraffinic)  and  turbine  oil  produced  less  severe  skin  changes, 
leading  the  authors  to  conclude  that  the  higher  aromaticity  of  Mentor  28 
was  responsible  for  its  greater  activity.  When  Starek  et  al.  (97)  compared 
the  skin  effects  of  Mentor  28  with  those  of  diesel  fuel,  using  identical  tail 
painting  schedules,  the  rats’  skin  reactions  were  similar  in  both  experiments 
consisting  of  epidermal  splitting  and  exfoliation,  hair  loss  and  nodular  ex- 
anthema . 

(2).  guinea  pigs 

Skin  compatability  to  diesel  fuel  was  tested  in  5 albino  guinea  pigs 
weighing  270-550  g.  The  substance  was  applied  to  the  shaven  skin  of  the 
back  5 times  a week  until  a skin  reaction  appeared.  By  the  5th  day,  there 
was  slight  erythema,  followed  by  desquamation,  induration,  hair  loss  and 
rhagades  while  treatment  continued.  The  experiment  was  stopped  on  day  19 
due  to  increasing  restlessness  of  the  animals  as  well  as  to  advancing  skin 
ulceration  and  intensified  crusting  which  had  first  been  noted  on  the  12th 
day.  Recovery  was  rapid,  with  the  skin  healing  in  10  days  and  new  hair 
growth  in  15  days  (99) . 

Hoekstra  and  Phillips  (85)  studied  the  effects  of  various  petroleum 
fractions  on  the  skin  of  male  albino  guinea  pigs  weighing  300-500  g. 
Applications  were  made  every  other  day  for  a total  of  4 exposures,  and 
the  animals  were  observed  for  20  days  following  the  first  application. 

The  oils  were  characterized  as  aromatic-rich,  paraffin-rich  and  cyclo- 
paraffin-rich  fractions.  All  fractions  produced  hyperplasia,  hyper- 
keratosis and  hair  loss,  but  the  aromatic  and  isoparafflnic  fractions  were 
more  potent  than  the  paraffinic  and  cycloparaffinic  fractions.  In  addition. 
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the  higher  boiling  fractions  «ere  less  noxious  than  lower-bolllng  ones.  The 
transition  from  non-damaging  to  noxious  was  abrupt , occurring  In  the  range 
of  350  ± 15“C.  Aliphatic  fractions  boiling  above  350®C  (21-23  carbon  atoms) 
were  protective  when  mixed  with  the  noxious  fractions,  i.e.,  the  mixture 
caused  less  skin  reaction  than  the  low-bolllng  fraction  alone.  Fractions 
with  14-19  carbon  atoms  caused  the  most  severe  reactions.  The  aromatic 
hydrocarbons  were  skin  damaging  even  at  the  highest  boiling  point  studied 
(402®C),  unlike  the  allphatlcs. 

(3).  mice 

* 

09-0^2  alkyl  aromatic  hydrocarbons  boiling  in  the  middle  distillate 
range  were  applied  to  the  skin  of  79  male  C3H  mice,  in  doses  of  0.10-0.15  g, 
3 times  a week  for  150  applications.  Skin  became  thick,  dry  and  scaly, 
and  there  was  evidence  of  hyperkeratosis  In  31%,  epidermal  atrophy  In  24%, 
Inflammatory  reaction  in  41%,  perlkeratosls  In  23%  and  ulceration  in  25% 
of  the  group.  The  Cn-Cio  fraction,  applied  to  85  mice,  also  resulted  in 
thick,  dry  and  scaly  skin,  and  hyperkeratosis  in  30%,  perlkeratosls  In  16%, 
epidermal  atrophy  In  29%,  infinmmaLiot-  In  23%  and  ulceration  in  6%  C41). 

In  a report  by  Twort  ano  '1 00)  in  which  various  catalytically 

cracked  oils  were  topically  applied  to  mice  in  a search  for  carcinogtias, 
they  also  observed  that  "lighter  i.rade  c'lese..  fuel  oils  are  non-car clnogenlc 
for  the  skins  or  mice,  but  a heav'-r  graie  *,ested  was  definitely  carcino- 
genic". When  lighter  grade  oi.  <»  ht)vi.:«  very  low  viscosity  and  the  appear- 
ance of  colored  kerosene  were  apnliej  i\a'*.i.y  to  the  interscapular  region  of 
100  mice,  only  dermatitis  was  oh'_-t;>.ye<I.  The  heavier  grade  diesel  fuel 
oil,  described  as  an  older  type  ’irty~iocMng  oily  mixture  with  a high  vis- 
cosity, induc'id  18  tumors  in  IOC  mice  alter  divlly  arp''.i‘’'''tion;  three  of 
the  18  tumors  became  malignant.  With  two  epoilcations  per  week  in  another 
100  mice,'  only  one  tumor  was  observe'4. 

According  to  Fisher  et  al,  (52)  or-d  Gerarle  (8  ),  only  very  high- 
boiling  petroleum  products  display  a'jneciaMt  carcinogenicity  in  mice. 

The  carcinogen::.c  constituencs  occui  in  .lisv.iliates  boiling  over  OIO^C, 
and  are  associated  only  with  the  aronotlo  f taction,  and  especially  with 
the  polynuclear  aromatics.  Heating  cii^  and  related  products  which  are 
lower-boiling  are  not  carclrogenic,  eve:»  t^hon  c'h.'y  are  partly  aromatic. 

Many  high-boiling},  products  ere  also  inactiMi,  u'c''i^3  the  creation  of  high- 
ly condensed  aromatic  hydrocarbons  occurs  in  their  synthesis  or  process- 
ing. 


In  generating  SGF  No,  t oil  smoke,  t.he.'W‘il  decomposition  or  cracking 
may  occur  when  the  oil  or  oil  mist  contaefe  1 eated  parts  of  the  smoke  gen- 
erator. However,  there  is  no  documentation  either  o;.  the  extent  of  cracking 
or  on  the  theirmal  decomposition  products  which  cauld  result.  (See  the 
section  entitled  Genaratlon  of  Smoke,  in  the  Physical  and  Chemical  Properties 
chapter  of  this  monograph.) 

d.  Dermal  implant  in  rats 

The  effect  of  diesel  oil  on  formation  of-  granulation  tissue  in  Wistar 
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rats»  weighing  100-170  g was  investigated  by  Blen  and  Buntrock  (99). 

Plastic  rings  were  implanted  In  the  dorsal  skin  of  the  rets,  the  liquid 
was  added  and  left  x.a  contact  for  10  days,  and  then  the  granulation  tissue 
formed  was  removed,  examined  histologically,  and  analyzed  for  ?iydroxy- 
proline  content  and  ratio  of  moist  to  dry  weight.  The  diesel  fuel  pro- 
moted formation  of  granulation  tissue  In  a dose  dependent  manner,  giving 
higher  dry  tissue  weight  than  control  substances,  but  there  was  no  sig- 
nificant difference  In  amount  of  hydroxyproline  between  diesel  fuel-treated 
and  control  tissues. 

G.  S6F  No.  2 Models 

Investigations  of  the  toxicity  of  SGF  No.  2 have  not  been  reported  In 
the  literature. 

Animal  toxicologists  testing  lubricating  oils  and  medicinal  (highly- 
refined,  white,  non-aromatlc)  mineral  oil  have  mo  it  often  performed  skin 
painting  experiments  In  various  species,  looking  for  evidence  of  carcino- 
genicity or  the  ability  to  promote  cancers.  Other  investigators  have  sub- 
jected animals  to  acute  or  chronic  exposures  to  aerosols  of  the  oils,  studying 
systemic  effects  such  as  the  occurrence  of  lipoid  pneumonia,  immunological 
suppression,  renal,  myocardial  and  hepatic  degenerative  changes,  or  lung 
tumor  acceleration  and/or  Inhibition  in  tumor-susceptible  mice.  The  meager 
literature  covering  ingestion  of  refined  mineral  oil  and  lubricating  oils 
Is  presented,  if  only  to  call  attention  to  the  design  of  the  reported  exper- 
iments. 

1.  Acute  and  Subacute  Toxicity 

In  this  subsection,  experiments  of  similar  design,  using  animals  of 
the  same  species,  have  been  grouped  together  under  the  term  "oil".  This 
category  includes  both  lubricating  oils  for  automotive.  Industrial  and  occupa- 
tional uses,  and  medicinal  mineral  oil  (which  is  a highly  refined,  non- 
aromatlc  product  extracted  from  lubricating  oil  distillates) . The  reason  for 
this  grouping  together  is  simply  that  the  acute  toxicologic  effects  are  gen- 
erally similar  for  these  two  types  of  oil. 

a.  oil  mist  toxicity 

.Iftsearch  Is  presented  on  exposure  of  mice  and  rats  to  oil  mists  or 
aerosols. 

(1).  mice 

S.A.E.  10  automotive  lubricating  oil  (viscosity  close  to  that  of  SGF 
No.  2)  was  nebulized,  and  six  25-35-gram  albino  mice  were  exposed  to  the  oil 
mist  for  2 hours,  following  which  two  mice  were  Immediately  killed.  Two 
more  were  sacrificed  after  48  hours  and  the  last  two  were  sacrificed  after 
96  hours.  The  mass  mean  diameter  of  oil  droplets  was  2.7  v>,  and  the  aerosol 
concentration  was  4330  mg/m^. 

In  the  mice  exposed  for  2 hours  and  killed  after  96  hours,  the  lungs 
had  variable  amounts  of  retained  oil  after  osmlc  acid  staining.  Heaviest  con- 
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centratlons  of  oil  were  seen  around  the  terminal  bronchioles  and  alveolar 
ducts. 


The  mice  killed  iirmed lately  after  exposure  showed  vigorous  oil  phago- 
cytosis, which  was  complete  after  48  hours.  A few  free  oil  droplets  were 
occasionally  noted  In  96-hour  lung  sections.  Except  for  the  presence  of  a 
few  macrophages,  no  inflanmatory  changes  were  noted  in  the  lungs. 

Six  albino  mice,  weighing  25-35  grams,  were  exposed  to  liquid  petrolatum 
aerosols  for  2 hours.  The  oil  aerosol  concentration  was  4500  mg/m'^;  mean 
mass  droplet  diameter  was  2.2  p.  Two  mice  died  — the  first  one  24  hours 
following  the  exposure  and  the  second  two  days  after  the  exposure.  Lung  sec- 
tions were  histologically  Identical  to  those  taken  from  the  6 mice  exposed 
to  S.A.E.  10  automotive  lubricating  oil  for  2 hours  ( ’.te  above)  (69). 

Seven  albino  mice,  25-35  grams  body  weight,  were  exposed  to  S.A.E.  10 
automotive  lubricating  oil  aerosol,  in  concentrations  of  4330  mg/m^,  mean 
mass  droplet  diameter  of  2.7  p,  for  92  hours  (actual  exposure  schedule  not 
specified).  There  were  6 survivors  (86X).  Lung  sections  stained  with  osmlc 
acid  disclosed  a heavy  retention  of  oil  droplets  of  all  sizes  In  all  sub- 
divisions of  the  respiratory  tree  (trachea,  bronchi,  bronchioles  and  alveoli) . 
Giant  droplets  (2:  30  p In  diameter)  were  seen  In  all  locations,  probably  re- 
sulting from  coalescence  of  many  smaller  droplets.  The  majority  of  droplets 
were  intracellular.  Macrophages  were  numerous  and  swollen  with  oil  droplets. 
There  were  occasional  areas  of  oil  pneumonia  (69). 

Ninety-hour  exposures  of  13  albino  mice  weighing  25-35  grams  to  4500 
mg/m^  of  liquid  petrolatum  aerosol  (actual  exposure  schedule  not  specified) 
permitted  the  survival  of  10  animals  (74Z).  Lung  sections  stained  with  osmlc 
acid  revealed  the  same  changes  as  In  the  mice  exposed  to  S.A.E.  10  automotive 
lubricant  for  92  hours  (see  above)  except  that  in  this  experiment,  the  oil 
retention  was  more  pronounced.  One  mouse  that  died  during  the  experiment  had 
patches  of  acute  inflammation,  with  polymorphonuclear  cells  and  large  numbers 
of  oil-laden  macrophages  seen  in  alveoli  and  bronchioles,  while  the  alveolar 
elastic  tissue  remained  intact.  These  changes  were  characteristic  of  acute 
lipoid  pneumonia  (69) . 

Albino  mice,  weighing  20-25  grams,  were  exposed  to  oil  aerosols,  in  con- 
centrations of  about  200  mg/m^,  for  4 hours.  The  oil  used  was  either  S.A.E, 
10-20  automotive  lubricating  oil  or  mineral  oil,  and  the  results,  to  be  dis- 
cussed, were  identical  regardless  of  which  oil  had  been  Inhaled.  The  number 
of  exposed  animals  was  "about  30". 

Some  mice  were  sacrificed  immediately  after  exposure,  and  were  found  to 
have  developed  a hyperplastic  tracheobronchial  epithelium  with  some  super- 
ficial desquamation.  Similar  hyperplasia  was  observed  in  mice  killed 
18,  24,  48,  72,  96  and  144  hours  after  the  4-hour  exposure.  While  only  a few 
macrophages  were  visible  in  the  alveoli  of  the  immediately  killed  mice, 
the  number  of  alveolar  macrophages  steadily  Increased  in  animals  killed  at 
the  later  times,  reaching  a maximum  (but  still  very  mild)  at  96  hours.  The 
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macrophaglc  reaction,  cells  with  foamy  cytoplasm  and  fine  vacuolization,  was 
also  observed  occasionally  In  unexposed  mice.  There  was  no  localization  of 
macrophages  or  any  Indication  of  oil  pneumonia  (27). 

When  mice  were  exposed  to  either  of  the  above-mentioned  oil  aerosols, 

20G  for  7 hours  a day  for  4 consecutive  days,  no  pathologic  lesions 

In  the  lungs  could  be  demonstrated  In  animals  killed  either  24  hours  or  96 
hours  following  the  last  exposure  (27). 

(2).  rats 

Twenty  male  Wlstar  rats  (average  weight  200  grams)  were  exposed  to  min- 
eral oil  aerosols  for  6 hours  a day  for  up  to  3 weeks.  Aerosol  concentrations 
were  30,000  mg/m^,  with  droplet  diameters  of  approximately  0.3-0. 5 u.  Beginning 
In  the  second  week  of  exposure,  lung  examinations  revealed  an  Increase  of 
macrophages  and  foam  cells  In  the  alveolar  septae  and  alveolar  lumlna  In  close 
proximity  to  mineral  oil  deposits,  which  were  visible,  microscopically,  by 
dark  field  Illumination. 

The  macrophages  and  foam  cells  showed  a high  enzyme  activity  of  non- 
specific esterases  and  acid  phosphatases.  There  was  a clear  decrease  In 
adenosine  triphosphatase  activity. 

By  the  third  week  of  exposure  to  the  mineral  oil  aerosol,  the  lungs 
showed  focal  granulomas,  consisting  primarily  of  histiocytes  with  only  a 
few  foam  cells  remaining.  This  condition  exemplified  classic  lipoid  pneumonia 
with  oil  granuloma  formation  (101). 

b,  aspiration  toxicity  In  rats 

Five  male  albino  Wlstar  rats  (200-300  grams  body  weight)  aspirated  0.2 
ml  of  S.A.E,  10-20-30  automotive  lubricating  oil.  The  mortality  after  24  hours 
was  1 in  5.  Other  rats,  in  groups  of  5 animals  each,  aspirated  equal  quanti- 
ties of  crankcase  oil  or  automatic  transmission  fluid  (more  viscous  lubricating 
oils  than  SGF  No.  2),  with  no  deaths  resulting  within  24  hours  of  the  experi- 
ment. 

All  rats  were  sacrificed  24  hours  following  aspiration.  Lung  weights 
were  nearly  normal,  indicating  little  fluid  congestion.  The  lubricants  pro- 
duced a low-grade,  localized  oil  pneumonia  in  the  rat  lungs.  The  lubricating 
oils  had  no  irritating  effect  upon  direct  contact  with  the  alveolar  epithelium, 
except  for  the  slight  inflammatory  response  characterized  as  oil  pneumonia. 

The  author  noted  that  the  viscosity  of  these  oils  caused  some  difficulty  in 
getting  the  animals  to  aspirate  them,  unlike  benzene,  for  example,  which, 
being  much  less  viscous,  was  easily  aspirated  into  the  rat  lungs  (93). 

c,  ingestion  toxicity 

The  acute  toxicity  of  white  (refined)  mineral  oil  ingestion  in  rats, 
mice  and  monkeys  is  presented. 
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(1 ).  mice 


In  groups  of  mice  fed  0.5  ml  of  white  mineral  oil  per  mouse  per  day  mixed 
with  the  diet  (20  ml/kg  body  weight)  the  animals  developed  rough  dry  skin, 
erect  b^.lrs,  restlessness  and  weight  loss  after  3 to  S days.  All  animals  died 
after  7 to  10  days  on  the  experimental  diet.  A group  of  control  animals, 
fed  the  same  diet  with  equivalent  amounts  of  mustard  oil,  was  free  from  all 
symptoms. 

Hlstopathological  examination  of  organs  and  tissues  revealed  diffuse 
fatty  degeneration  of  liver  parenchyma,  proliferation  of  reticulo-endothelial 
cells  of  the  splenic  pulp,  marked  hypertrophy  and  hyperkeratosis  of  the  epi- 
dermis, and  degenerative  changes  in  the  ascending  renal  tubules  (102). 

(2 ) .  rats 

Rats  were  placed  on  a diet  containing  1.0  ml  of  white  mineral  oil  per 
rat  per  day  (5  ml/kg  body  weight).  In  3 to  5 days,  the  animals  developed  rough 
dry  skin,  erect  hairs,  restlessness  and  weight  loss,  and  by  7 to  10  days  after 
the  start  of  the  experimental  diet,  all  animals  had  died.  A group  of  control 
rats,  fed  the  same  diet  with  equivalent  amounts  of  mustard  oil,  was  free 
from  all  symptoms. 

Organ  histO|Mthoiogy  revealed  diffuse  fatty  degeneration  of  hepatic 
parenchyma,  -reticulo-endothelial  call  proliferation  in  the  splenic  pulp, 
marked  epidehnal  hypertrophy  and  hyperkeratosis,  and  degenerative  changes  in 
the  ascending  tubules  of  the  kidney  (102). 

(3) .  monkeys 

A 2.7  kg  male  monkey  was  fed  6 ml  per  day,  6 days  a week  of  white  min- 
eral oil  (2.2  ml/kg  of  body  weight).  The  total  amount  consumed  was  96  ml  in 
16  feeds.  The  animal  lost  230  g after  one  week,  and  in  the  thiid  week  it 
developed  diarrhea  and  died.  Post  mortem  findings  included  intei\se  liver 
congestion,  small  ulcers  and  chronic  inflammation  in  the  large  intestine, 
and  heart,  lung,  spleen  and  kidney  congestion  (103). 

A 4.1  kg  female  monkey  was  given  daily  doses  of  4.5  ml  of  white  mineral 
oil  in  the  diet  (1.1  ral/kg  body  weight),  for  a total  of  36  ml  in  8 feeds. 

The  monkey  developed  diarrhea  and  lost  680  g in  one  week,  and  died  on  the 
11th  day.  Pathological  findings  were  similar  to  those  of  the  first  monkey, 
including  liver,  spleen  and  heart  congestion. 

The  chief  action  of  the  white  mineral  oil,  in  both  cases,  seemed  to  be. 
on  the  blood  vessels,  causing  increased  vascularity  and/or  congestion  of  the 
internal  organs  studied  (103).  However,  since  no  controls  and  only  2 experi- 
mental animals  were  included  in  the  experiment,  the  results  must  be  evaluated 
accordingly. 

2.  Chronic  Toxicity 

The  chronic  experiments  which  have  been  uncovered  in  the  literature  are 
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of  three  types:  skin  painting,  aerosol  Inhalation,  and  Ingestion.  These 
types  will  be  discussed  Individually  and  further  subdivided  by  species.  It 
was.  In  some  cases,  impossible  to  define  a particular  oil  used  In  an  experi- 
ment In  terms  of  Its  degree  of  refinement,  but  that  the  oil  was  of  a lubri- 
cating oil  quality,  and  that  It  was  not  an  animal  or  vegetable  oil  was  certain. 
The  term  "oil”  has  been  chosen  to  represent  both  lubricating  oils  (automotive, 
Industrial,  etc.)  and  medicinal  mineral  oil.  The  grouping  together  of  ex- 
periments employing  these  various  oils  was  possible  due  to  their  similar 
toxicological  properties. 

a.  oil  mist  toxicity 

Mice,  rats,  guinea  pigs,  rabbits,  hamsters,  dogs  and  rhesus  monkeys 
have  been  chronically  exposed  to  lubricating  or  mineral  oils  for  periods  as 
long  as  two  years.  The  pertinent  literature  Is  presented. 

(1)..  mice 

In  1942,  Lushbaugh  and  Cannon  (104)  exposed  80  white  male  mice  to  aerosols 
of  S.A.E.  10  automotive  lubricating  oil,  for  100  consecutive  days.  In  contin- 
uous cycles  of  30  minutes  of  aerosol  followed  by  30  minutes  of  room  air. 
Exposure  chamber  oil  aerosol  concentrations  were  132  mg/m^;  oil  droplets  had 
an  average  diameter  of  1.2  p,  with  a range  of  0.7-3  y.  Mice  were  killed 
at  weekly  Intervals  until  the  end  of  the  experiment.  There  were  two  deaths 
other  than  sacrifice  over  the  100-day  period.  Twenty  mice  were  still  alive 
45  days  after  the  exposure  ended. 

Lungs  of  mice  killed  at  weekly  intervals  showed  a gradual  accumula- 
tion of  macrophages  containing  oil,  which  stained  red  with  Sudan  III,  After 
one  week,  oil  macrophages  were  found  under  the  pleura  in  peripheral  alveoli. 
After  5 weeks,  almost  every  alveolus  contained  at  least  one  oil  macrophage, 
and  subpleural  alveoli  contained  many  of  these  cells.  No  free  oil  was  ever 
seen  in  the  alveoli  or  bronchi.  Two  animals  that  died  during  exposure  were 
found  to  have  similar  numbers  of  oil  macrophages  as  mice  that  were  sacrificed. 
The  tracheobronchial  lymph  nodes  of  mice  killed  after  3 weeks  of  exposure 
showed  oil  macrophage  accumulations,  but  no  tissue  reaction  due  to  their 
presence. 


After  the  100  days  of  exposure,  20  mice  were  killed,  and  the  mineral 
oil  content  of  the  total  lung  and  total  liver  tissue  was  determined.  The 
lungs  and  livers  of  20  unexposed  mice  were  also  analyzed  for  mineral  oil  con- 
tent for  comparison  with  exposed  tissues.  The  total  accumulation  of  oil  in 
lungs  of  exposed  mice  was  33  mg,  or  an  average  of  1.65  mg  per  mouse,  which 
represents  about  0.4%  of  the  total  wet  lung  weight  of  one  mouse.  In  the 
control  lungs,  no  oil  was  recovered.  In  the  combined  livers  of  the  exposed 
mice,  3 mg  of  oil  were  found,  representing  0.01%  of  the  total  liver  weight  of 
one  mouse.  In  control  livers,  no  oil  was  recovered. 

According  to  the  authors*  calculations,  an  average  mouse  Inhaled  about 
1.9  mg  of  oil  per  day  In  the  above  experimental  oil  exposure  conditions.  At 
the  end  of  100  days,  the  average  mouse  lung  contained  only  1.65  mg  of  oil 
indicating  that  only  about  a hundredth  of  the  total  amount  of  Inhaled  oil  was 
retained  in  the  lungs. 
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No  significant  reaction  to  the  oil  in  situ  was  observed,  indicating  the 
possibility  that  exposure  to  the  oil  mist  had  no  significant  detrimental  ef- 
fect. The  absence  of  any  appreciable  number  of  spontaneous  deaths  during  the 
100  days  of  exposure  was  further  confirmation  of  the  lack  of  toxicity  of  the 
S.A.E.  10  automotive  lubricating  oil  aerosol  (104). 

In  an  experiment  by  Wagner  et  al,  (105),  120  CF  No.  1 mice  were  exposed 
to  aerosols  of  a non-aromatic  lubricating  oil  with  a viscosity  similar  to 
SGF  No.  2.  The  aerosol  concentrations  were  5 and  100  mg/m^;  mass  median 
droplet  diameter  was  approximately  1.3  p,  and  exposure  time  was  6 hours  a day, 

5 days  a week  for  12  months.  There  were  60  unexposed  controls. 

Body  weight  Increases  were  the  same  in  control  and  exposed  animals.  No 
hematologic  abnormalities  were  detected  in  mice  exposed  to  either  5 mg/m^  or  100 
mg/m^  oil  mist  for  12  months.  There  was  no  major  pathologic  pulmonary  response 
to  either  oil  mist  concentration  after  12  months.  Small  clumps  of  macrophages 
were  scattered  randomly  throughout  the  lungs.  The  cytoplasm  of  these  cells 
was  occasionally  sprinkled  with  numerous  minute  clear  vacuoles.  Lymphatic 
tissue  adjacent  to  the  bronchi  contained  slightly  greater  numbers  of  oil 
macrophages  than  that  found  in  control  animals. 

The  spleen,  stomach  fundus,  duodenum,  adrenal,  liver,  kidney  and  heart 
showed  no  histological  changes  attributable  to  oil  mist  exposure  (105) . 

Twort  and  Twort,  1935  (100)  reported  on  some  work  they  had  done  in  which 
mice  were  exposed  to  mineral  oil  fumes,  produced  by  heating  on  an  electric 
plate  to  Induce  thermal  cracking.  There  was  no  definite  evidence  that  the  oil 
fumes  caused  an  Increased  incidence  of  lung  tumors.  There  were  more  frequent 
catarrhal  changes  in  the  lungs  of  the  exposed  mice  than  in  controls.  There 
were  also  indications  of  a higher  average  neutrophil  count  in  exposed 
animals . ' 

(2).  rats 

Wagner  et  al.,  1964  (105)  exposed  160  male  Holtzman-Sprague-Dawley  rats 
to  aerosol  concentrations  of  5 and  100  mg/m^,  mean  droplet  diameter  1.3  y, 
of  a non-aromatic  mineral  oil  similar  in  viscosity  to  SGF  No.  2 oil,  for  up 
to  26  months  (6  hours  a day,  5 days  a week).  There  were  no  changes  in  weight 
gain  when  compared  with  85  unexposed  control  rats.  No  significant  (p<0.05) 
hematologic  changes  were  observed  throughout  one  year  of  exposure  to  5 mg/m^ 
or  26  months  of  exposure  to  100  mg/m^  aerosol  concentrations.  None  of  the 
rats  exposed  at  the  5 mg/m^  level  presented  any  significant  changes  in  serum 
or  lung  alkaline  phosphatase  activity.  The  6-month  100  mg/m^  exposed  rat 
sera  exhibited  an  84%  Increase  in  basic  alkaline  phosphatase  (BAP)  activity 
over  controls  (p>0.02),  and  a 58%  increase  (p>0.05)  in  magnesium  activated 
alkaline  phosphatase  (MgAP) , neither  of  which  was  statistically  significant. 

At  one  year,  the  sera  of  rats  exposed  to  100  mg/m^  showed  very  significant 
changes  (p<0.005),  with  64%  and  41%  Increases,  respectively,  for  BAP  and  MgAP, 
indicative  of  pulmonary  tissue  damage. 
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The  rat  lung  tissues  showed  a progressive  reaction  to  oil  inhalation, 
with  increasing  numbers  and  clustering  of  oil-filled  macrophages  as  the  dura- 
tion of  exposure  increased.  There  were  varying  degrees  of  interstitial  pneu- 
monitis. Hilar  lymph  nodes  were  unchanged,  save  for  occasional  nodular  hyper- 
activity (not  further  described)  in  the  100  mg/m^  rats.  Lung  tissue  altera- 
tions were  noteworthy  only  after  exposures  to  the  higher  concentration. 


The  spleen,  stomach  fundus,  duodenum,  adrenal,  liver,  kidney  and  heart 
showed  no  histologic  changes  which  were  attributable  to  oil  mist  exposure  (105) . 


Spindle  oil  (lubricant)  aerosols,  in  concentrations  of  10-125  mg/m^, 
droplet  diameters  under  5 p,  were  administered  to  male  albino  rats,  A hours  a 
day  for  5 months.  Antibody  titers  to  typhoid  and  paratyphoid  vaccine,  and  the 
phagocytic  activity  of  the  blood  of  non-vaccinated  animals  with  respect  to 
non-virulent  Staphyloooaous  aureus  became  significantly  lower  (p<0,05)  than 
in  control  rats.  Spindle  oil  reduced  the  Immune  response  even  in  the  lowest 
concentration  Inhaled  (10  mg/m^)  (106). 


The  effect  of  aerosols  of  lubricating  oils  without  additives  on  Immune 
reactivity  of  rats  was  Investigated  by  Lutov  (1973,  107).  Ten  rats  were  exposed 
to  axle  and  machine  lubricating  oil  aerosols  in  concentrations  of  approxlm8’'ely 
60,  30  or  13  mg/m^,  for  6 months.  Neuraminic  acid  content  in  the  Blood  (mean 
for  10  rats)  rose  from  pre-exposure  levels  around  75  mg%  to  107,  98,  and  84  mg% 
for  the  aerosol  concentrations  of  60,  30  and  13  mg/m^  after  3 months,  respec- 
tively, and  to  114,  100  and  88  mg%  for  the  respective  aerosol  concentrationi; 
after  6 months.  After  a one-month  recovery  period,  neuraminic  acid  levels 
fell  to  91,  85  and  81  mg%  for  the  same  respective  exposure  concentrations. 

The  two  oils  did  not  differ  from  each  other  with  regard  to  the  neuraminic  acid 
effect.  T.ie  animals  also  showed  lowered  albumin,  and  Increased  alpha  1,  alpha 
2,  and  beta  globulins,  lower  serum  agglutinin  titers,  and  decreased  leukocyte 
phagocytic  activity.  These  changes  occurred  to  a degree  which  was  directly 
proportional  to  the  oil  mist  concentrations  to  which  the  rats  were  exposed. 

The  albumin,  globulin,  and  neuraminic  acid  changes  were  thought  to  be  consistent 
with  the  presence  of  an  inflammatory  response  and  depressed  immune  reactivity 
(107). 


In  a similar  experiment  by  Lutov  (1974,  108),  white  male  rats  were  exposed 
to  aerosols  of  the  same  lubricating  oils  without  additives  in  concentrations 
of  13,  30  or  60  mg/m^  for  each  oil,  with  15  animals  in  each  exposure  group 
plus  a control  (unexposed)  group.  The  experiments  were  conducted  for  5 hr/day 
for  up  to  6 months.  After  1 month,  there  was  a decrease  in  weight  gain,  lower 
O2  requirement,  reduced  respiratory  rate,  reduced  leukocytic  phagocytosis. 
Increase  in  leukocytes,  higher  levels  of  neuraminic  acid  in  the  blood  and  a 
higher  neuromuscular  excitability  threshold.  There  was  considerable  pulmonary 
Inflammation,  as  well  as  degeneration  in  the  liver,  kidneys,  adrenals  and 
myocardium.  There  were  no  differences  in  the  toxicological  effects  of  the 
two  oils  tested. 


The  acute  rise  in  the  blood  leukocyte  count  and  shift  to  the  left  in 
the  differential  noted  after  one  month  was  followed  by  a chronic  leukopenia, 
with  lower  neutrophil  and  higher  lymphocyte  counts  after  six  months.  Cardio- 
vascular effects  such  as  lower  arterial  pressure,  slower  atrioventricular  and 
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intraventricular  conductivity,  slower  heart  rate  and  lower  voltage  of  EKG 
peaks  were  attributed  to  increased  parasympathetic  tone  and  adrenal  dysfunc- 
tion, Lower  respiratory  rates  and  higher  neuromuscular  excitability  thres- 
hold were  probably  due  to  the  central  nervous  system  depression.  Serum 
protein  showed  decreased  albumin  and  an  increased  alpha  1,  alpha  2 and  beta 
globulins.  At  the  end  of  the  exposure  period  there  was  a marked  reduction  in 
neutrophil  phagocytic  activity,  lower  agglutinin  titers,  and  higher  neuraminic 
acid  levels  in  the  blood. 

Following  a 1-month  recovery  period,  most  changes  returned  to  normal, 
except  that  neutrophil  phagocytosis  and  certain  agglutinin  titers  remained 
substantially  lower  in  animals  exposed  to  60  and  30  mg/m^  than  in  the  control 
animals. 

Lung  changes  after  the  6-month  exposure  included  inflammation  of  alveolar 
walls,  which  were  thickened  by  leukocytic  infiltrates  and  connective  tissue 
proliferation,  lymphocytic  peribronchial  infiltrates,  and  large  perivascular 
and  peribronchial  leukocytic  infiltrates. 

Liver,  kidneys  and  adrenals  were  markedly  degenerated.  In  spleen  and 
lymph  nodes,  hyperplasia  of  the  reticular  stroma  and  lymphoid  tissue  were 
noted,  and  related  to  the  immunologic  changes  in  the  exposed  rats  (108). 

(3)  . guinea  pigs 

Ten  guinea  pigs  were  exposed  to  spindle  oil  (lubricant)  aerosols  in  con- 
centrations of  10-75  rag/m^,  droplet  diameter  under  5 y,  for  4 hours  a day  for 
5 months.  There  were  significantly  lower  (p<0,05)  antibody  titers  to  typhoid 
and  paratyphoid  vaccine,  and  reduced  phagocytic  activity  of  the  blood  of  non- 
vaccinated  guinea  pigs  to  non-virulent  Staphyloooaaus  owrews,  than  in  un- 
exposed controls.  This  reduction  in  Immune  reactivity  was  evident  even  at  the 
lowest  spindle  oil  aerosol  concentration  tested  (10  mg/m^)  (106), 

(4)  . hamsters 

There  were  218  male  Golden-Syrian  hamsters  (and  110  controls)  used  in 
an  experimental  exposure  to  a non-aromatic  mineral  oil  with  a viscosity  similar 
to  SGF  No,  2,  in  aerosol  concentrations  of  5 and  100  mg/m^,  mean  droplet  dia- 
meter approximately  1.3  y,  for  5 days  a week,  6 hours  a day  for  as  long  as  26 
months  (105) . 

There  were  no  differences  in  weight  gain  between  the  exposed  and  control 
animals.  There  were  no  hematologic  changes  after  1 year  of  exposure  to  5 mg/m^ 
or  after  26  months  of  exposure  to  100  mg/m^  of  oil  aerosol.  The  lung  tissue 
of  only  one  hamster  (exposed  for  9 months  to  100  mg/m^)  produced  Increased 
basic  alkaline  phosphatase  and  magnesium  activated  alkaline  phosphatase  enzyme 
activities,  which  were  216%  and  207%  (p<0.01)  greater  than  activities  of  con- 
trol hamsters,  respectively,  indicating  pulmonary  tissue  damage. 

No  major  lung  tissvie  response  was  discovered,  although  the  greatest 
magnitude  of  response  occurred  in  animals  exposed  for  15  months  to  100  mg/m^ 
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of  oil  aerosol.  In  a few  hamsters  there  were  small  numbers  of  finely  vacuolated 
foamy  macrophages  in  alveoli.  Some  control  and  experimental  animals  showed 
a moderate  chronic  bronchitis  and  patches  of  interstitial  pneumonitis. 

The  spleen,  stomach  fundus,  duodenum,  adrenal,  liver,  kidney  and  heart 
showed  no  histologic  changes  related  to  oil  mist  exposure. 

(5)  . rabbits 

Forty-six  male  Dutch  rabbits  were  exposed  to  oil  aerosols  of  a non-aromatic 
mineral  oil  with  a viscosity  similar  to  SGF  No.  2 for  6 hours  a day,  5 days  a 
week,  for  up  to  26  months.  Two  oil  aerosol  concentrations  tested  were  5 and 
100  mg/m^,  with  1,3  p approximate  mean  droplet  diameters  (105), 

There  were  no  changes  in  weight  gain  when  compared  with  26  unexposed 
rabbits.  No  significant  hematologic  changes  were  observed  through  1 year  of  ex- 
posure to  5 mg/m^  or  26  months  of  exposure  to  100  mg/m^.  Quarterly  evalua- 
tions of  hematocrit,  hemoglobin  and  white  blood  cell  counts  were  within  normal 
limits.  No  significant  differences  in  minute  ventilation  or  oxygen  consumption 
were  determined  between  trimonthly  respiratory  function  tests  on  rabbits  ex- 
posed to  either  5 or  100  mg/m^,  or  between  exposed  and  control  animals  (less 
than  10%  differentials  in  O2  consumption).  Neither  control  nor  exposed  rab- 
bits showed  any  significant  differences  in  serum  or  lung  alkaline  phosphatase 
activity  at  any  time  during  the  experiment, 

” Pultaonary  tissue  exhibited  no  response  to  the  inhaled  oil.  Tracheae  and 
bronchi  were  histologically  unremarkable.  Small  foci  of  septal  thickening  with 
chronic  inflammatory  cells  were  scattered  throughout  the  lung  parenchyma  of 
both  control  and  exposed  rabbits.  There  were  a few  exposed  animals  with  pul- 
monary alveoli  containing  scattered  foamy  macrophages  with  small  cytoplasmic 
vacuoles.  The  hilar  lymph  nodes  were  histologically  normal. 

There  were  no  changes  in  spleen,  stomach  fundus,  duodenum,  adrenal, 
liver,  kidney  or  heart  which  were  related  to  the  mineral  oil  aerosol  exposure, 

(6)  . dogs 

Eighteen  male  mongrel  dogs  were  exposed  to  an  aerosol  of  light  mineral 
oil  (non-aromatic;  viscosity  similar  to  SGF  No,  2),  with  approximate  mean 
droplet  diameters  of  1.3  y,  in  concentrations  of  5 mg/m^  or  100  mg/m^,  for 
5 days  a week,  6 hours  a day,  for  up  to  26  months. 

There  were  no  differences  in  weight  gain  between  control  and  exposed 
dogs.  Quarterly  evaluations  of  hematocrit,  hemoglobin,  white  blood  cell  counts 
and  differential  leukocyte  counts  showed  no  changes  in  control  or  exposed  ani- 
mals. No  differences  were  determined  in  basic  alkaline  phosphatase  (BAP)  or 
magnesium  activated  alkaline  phosphatase  (MgAP)  enzyme  activities  between  the 
5 mg/m^  exposure  sera  and  control  dog  sera  during  12  months.  After  one  year 
of  exposure  to  100  mg/m^,  dog  sera  BAP  activity  was  99%  greater  than  controls 
(p<0,01)  and  MgAP  activity  was  70%  greater  (p<0.01).  At  18  months  the  re- 


spectlve  percentage  increase  in  BAP  was  112%  (p<0.05),  but  the  Increase  in 
MgAP  activity  of  62%  was  not  significant  (p>0.05).  These  increases  indicated 
lung  tissue  damage  and  repair  processes. 

Respiratory  tissue  examinations  after  6 months  of  exposure  to  5 and 
100  mg/m^  concentrations  revealed  differing  degrees  of  reaction  to  the  inhaled 
oil.  The  tissue  response  consisted  of  Infrequent  foamy  macrophages  in  paren- 
chymal air  spaces,  sometimes  containing  clear  oil  droplets.  Hilar  lymph  nodes 
contained  occasional  similar  cell  aggregations.  Tracheobronchial  histopathology 
was  normal.  Dogs  exposed  to  100  mg/m^  presented  more  diffuse  macrophage 
accumulations.  In  addition,  there  were  scattered  areas  of  peribronchial  and 
peribronchiolar  oil  droplets  with  adjacent  non-nuclear  cells,  foamy  macrophages 
and  epitheloid  cells.  Within  the  hilar  lymph  nodes  were  scattered  coalesced 
oil  droplets.  Collections  of  droplets  were  most  prominent  around  bronchioles, 
alveolar  ducts  and  small  vessels,  and  were  probably  within  lymphatic  spaces. 
Animals  exposed  to  100  mg/m^  for  26  months  developed  parenchymal  granulomas 
consisting  of  lymphocytes  and  macrophages  and  containing  small  and  large  free 
oil  droplets.  The  granulomas  were  located  within  alveoli  or  near  small 
bronchi,  and  in  hilar  lymph  nodes.  Occasional  diffuse  pulmonary  tissue  con- 
gestion, sometimes  with  mildly  thickened  alveolar  septae  was  seen,  but  was 
also  present  in  some  control  dogs. 

Spleen,  stomach  fundus,  duodenum,  adrenal,  liver,  kidney  and  heart  tissue 
samples  showed  no  histologic  changes  attributable  to  oil  aerosol  exposure, 
and  were  similar  to  tissues  from  unexposed  dogs  (105) . 

( 7 ).  monkeys 

S.A.E.  No.  10  automotive  lubricating  oil  was  used  by  Lushbaugh  et  al. 

(1945,  90)  to  create  an  oil  mist  in  an  exposure  chamber  in  which  6 young 
rhesus  monkeys  were  caged  for  100  consecutive  days.  The  oil  mist  was 
generated  for  30  minutes,  followed  by  a 30  minute  rest  (cycles  of  30  minutes 
on,  30  minutes  off)  for  the  duration  of  the  experiment.  Oil  mist  concentra- 
tions averaged  132  mg/m^  of  air.  Oil  droplet  diameters  from  0,68-2.90  y were 
measured,  average  diameter  being  about  1.2  y. 

Monkey  1,  killed  after  30  days  of  exposure,  had  oily  and  somewhat 
thin  fur.  The  heart  and  abdominal  organs  were  normal  microscopically.  The 
lungs  had  many  small  raised  subpleural  granulomas  located  about  the  hilus, 
with  no  hyperemia,  A subacute  and  chronic  hyperplastic  panbronchiolitis 
was  present.  Fine  oil  droplets  in  alveolar  macrophages  were  thinly  scattered 
throughout  the  lungs,  with  occasional  small  accumulations  of  lymphocytes  and 
polymorphonuclear  leukocytes . 

Monkey  2,  killed  after  50  days  of  exposure,  had  complete  fur  loss  on 
large  areas  of  the  abdomen,  and  thin,  oily  fur  on  the  head  and  back.  The  lungs 
contained  fewer  subpleural  granulomas  than  found  in  Monkey  1,  along  with 
hyperplastic  bronchiolitis.  Oil  macrophages  had  larger  oil  droplets  and  were 
more  numerous  than  in  Monkey  1.  Many  macrophages  were  present  in  the  pleural 
lymphatics.  Other  organs  were  normal  grossly  and  microscopically. 
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Monkey  3 died  74  days  after  the  start  of  exposure,  with  marked  fur  loss 
and  emaciation.  The  lungs  revealed  granulomas  and  hyperplastic  chronic  bronchio- 
litis, with  diffuse  bronchopneumonia,  edema  and  hemorrhage.  There  were  many 
oil  macrophages  containing  large  or  small  oil  droplets,  mostly  in  the  Intra- 
alveolar  location,  with  a few  containing  large  oil  droplets  in  the  peribronchial 
and  peribronchiolar  lymphatics.  Some  free  oil  was  present. 

The  abdominal  organs  were  grossly  atrophic  and  the  stomach  was  shrunken, 
but  otherwise  no  abnormalities  were  found. 

Monkey  4 died  90  days  after  the  start  of  exposure,  and  the  external  and 
gross  appearance  of  the  animal’s  organs  were  similar  to  that  of  Monkey  3. 

The  lungs  were  slightly  hyper emic  and  contained  many  very  small  granulomas. 

The  distribution  and  amount  of  oil  in  the  lungs  were  similar  to  that  in 
Monkey  3.  There  were  small  areas  of  lobular  pneumonia  and  diffuse  pneumonitis, 
with  a slightly  Increased  number  of  perivascular  fibroblasts. 

Monkey  5 was  killed  164  days  after  the  start  of  the  100-day  oil  mist 

exposure.  Most  fur  had  grown  back  and  was  no  longer  odly.  All  organs  were 
grossly  normal.  The  lungs  contained  as  many  oil  macrophages  as  those  of 
Monkey  4,  but  the  distribution  was  different.  The  macrophages  were  concen- 
trated around  the  atria  and  perivascular  and  peribronchiolar  lymphatics,  with 
Increased  numbers  of  fibroblasts  and  connective  tissue  in  the  latter  two 
areas.  Many  such  areas  were  seen  as  fibroblastic  nodules  containing  oil-rich 
macrophages. 

Monkey  6 was  killed  365  days  after  the  start  of  the  100-day  oil 
mist  exposure.  Externally  the  animal  appeared  normal,  and  all  organs  were 
grossly  normal  except  the  right  lung,  which  was  found  to  be  involved  in  tuber- 
culous pneumonia  and  caseonodular  tuberculosis.  The  left  lung  was  not  in- 
volved in  this  process.  Very  few  intra-alveolar  lipophages  were  seen,  and 
were  concentrated  in  the  perivascular,  peribronchial  and  peribronchiolar 
lymphatic  and  connective  tissues.  Much  of  the  connective  tissue  had  formed 
condensed  fibrotic  nodules  containing  oil  and  macrophages  throughout  the  lung. 

Oil  was  not  as  prominent  as  in  Monkey  5.  The  large  oil  content  Indicated 
the  slowness  of  oil  removal  from  the  lungs. 

Chemical  analysis  of  lung  tissue  revealed  that  approximately  200  mg  of 
lubricating  oil  (about  10%  of  dry  weight)  accumulated  per  lung  of  the  monkeys 
exposed  for  100  consecutive  days,  of  which  about  half  was  removed  from  the 
lung  one  year  after  the  exposure  was  commenced. 

Wagner  et  al.  emphasized  both  the  failure  of  large  amounts  of  oil  to 
accumulate  and  the  absence  of  severe  acute  and  chronic  reactions  to  the  oil 
that  did  accumulate.  Extrapulmonary  effects  - loss  of  fur  after  long  ex- 
posures - returned  to  normal  after  exposure  was  stopped  (105) . 

b.  ingestion  toxicity 

Lubricating  oils  generally  have  a low  order  of  toxicity  after  oral  ad- 
ministration, according  to  the  Encyclopedia  of  Safety  and  Health,  published 
by  the  World  Health  Organization  (109).  The  oral  LD50  value  was  greater  than 
10  g/kg  of  body  weight.  For  mineral  oil,  no  LD50  value  was  found  in  the 
literature. 
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The  following  three  studies  Involving  mice  or  monkeys.  Illustrate  the 
systemic  toxicity  which  has  been  observed, 

(l.\  mice 

Skin  painting  of  mice  with  mineral  oil  has  led  to  the  observance  of  a 
liver  "condition  x",  which  the  authors  believed  to  be  due  to  the  Ingestion  of 
the  oil  by  animals  licking  their  treated  skin  (110) . 

"Condition  x"  consisted  of  early  round  cell  periportal  Infiltration, 
developing  Into  xanthomata  of  endothelial  cells  In  conspicuous  masses  scattered 
throughout  the  liver.  Degeneration  followed,  giving  rise  to  a picture  of  fatty 
Infiltration,  with  large  fat  globules  of  undetermined  composition. 

"Condition  x"  also  occurred  In  the  livers  of  mice  painted  with  sulfuric 
acid-treated  spindle  oil,  (H2SO4  removes  benzo [a] pyrene  and  other  polycycllcs 
from  lubricating  oils.)  A duration  of  exposure  to  the  oils  of  approximately 
20  to  90  weeks  was  sufficient  to  produce  "condition  x".  No  other  experimental 
methodological  details  were  given. 

Other  organs  showing  occasional  evidence  of  "condition  x"  Included  spleen, 
ovary  and  adrenal  glands.  "Condition  x"  was  not  found  In  unpalnted  mice 
within  this  20  to  90  week  period  (110), 

(2),  monkeys 

One  monkey,  weighing  2,5  kg,  was  fed  2.25  ml  of  white  mineral  oil  per  day 
(1,1  ml/kg  of  body  weight)  mixed  with  the  diet,  the  total  consumption  being 
195,35  ml  over  3 months.  After  3 months,  there  were  no  signs  of  toxicity, 
and  body  weight  remained  the  same.  The  animal  was  sacrificed,  and  the  only 
findings  were  liver  congestion  and  slight  kidney  congestion. 

The  chief  action  of  the  white  oil  was  on  the  blood  vessels,  leading  to 
Increased  vascularity  or  congestion  In  the  kidney  and  liver  (103),  In  the  ab- 
sence of  control  animals,  as  well  as  the  use  of  only  one  experimental  monkey, 
the  results  must  be  evaluated  accordingly. 

c,  cutaneous  toxicity 

Hyperkeratosis,  acanthosis  and  other  skin  reactions  have  occurred  In 
calve^s  and  guinea  pigs  after  cutaneous  application  of  lubricating  and  mineral 
oils.  Skin  sensitization  studies  are  also  discussed.  Experimental  skin 
cancer  is  presented  in  the  carcinogenicity  section  of  this  chapter, 

( 1).  calves 

Insecticides  and  other  preparations  have  been  administered  to  farm  animals 
by  mixing  them  with  certain  lubricating  oils  and  spraying  or  applying  the  mix- 
ture onto  the  animals’  skin.  Hoekstra  et  al.  (1955,  25)  studied  the  ef- 
fect of  these  oils  In  healthy  Holstein-Friesian  calves  weighing  54,5-136  kg, 

A highly  refined  non-aromatlc  white  lubricating  oil  of  a light  viscosity 
(similar  to  SGF  No,  2)  was  applied  to  2 calves  at  a rate  of  0.13  ml/kg  (1/3  oz 
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per  100  lb)  of  body  weight  per  day  for  8 weeks.  No  grossly  detectable  skin 
changes  resulted.  A higher  viscosity,  unrefined  pale  oil  (similar  In  color 
to  SGF  No.  2,  and  therefore  closer  to  SGF  No.  2 In  composition  than  the  white 
oil  previously  mentioned)  applied  in  an  Identical  procedure  to  another  2 
calves,  resulted  In  a very  slight  degree  of  h}rperkerat08ls,  which  the  authors 
believed  to  be  of  questionable  significance. 

(2).  guinea  pigs 

Male  albino  guinea  pigs  (300-500  g)  received  applications  of  mineral 
oils  to  the  left  dorsal  skin,  the  right  side  serving  as  an  untreated  control 
for  each  animal.  Applications  were  made  every  other  day  for  A days,  with 
doses  around  0*6  ml  per  animal.  Subjective  skin  evaluations  of  treated  areas 
were  made  every  other  day  for  20  days  following  the  first  treatment. 

One  oil  sample  was  characterized  as  "Mid-Continent  [oil  source],  highly 
refined  [non-aromatlc]  white  oil  in  the  light  lubricating  oil  viscosity 
[viscosity  of  SGF  No.  2]  range."  The  only  skin  effect  was  slight  erythema 
and  desquamation.  Another  sample,  "Mid-Continent  pale  oil  (not  refined)  of 
high  viscosity"  was  mildly  active,  producing  some  desquamation  and  thickening. 

The  first  oil  described  (white  oil),  was  fractionated,  and  it  was  found 
that  the  lower  boiling  fractions,  representing  30X  of  the  ^ite  oil,  boiling 
range  272-333®C,  were  strongly  active  in  producing  hyperkeratosis  in  guinea 
pig  skin,  whereas  the  rest  of  the  material  boiling  from  3A0-402®C  was  essen- 
tially innocuous* 

Further  separation  of  hydrocarbon  classes  in  a light  mineral  oil  showed 
that  n-paraffins  with  19-22  carbon  atoms  were  minimally  active  in  guinea  pig 
skin,  branched  paraffins  of  C22~C25  were  innocuous,  monocycloparaffins, 

C23  and  higher  were  innocuous,  polycycloparaff ins  C22“C23  were  innocuous, 
but  mono-  and  dicycllc  aromatic  hydrocarbons  C22“C24  were  extremely  active 
in  producing  hyperkeratosis.  This  could  explain  the  difference  in  effect 
of  refined  and  unrefined  lubricating  oils  on  guinea  pig  skin  (85). 

Hyperkeratosis  in  guinea  pig  skin  was  also  found  to  occur  after  appli- 
cations of  1-methylnaphthalene,  dodecylbenzene  and  decalin.  In  a procedure 
similar  to  that  used  above,  the  shaved  ventral  skin  on  one  side  of  each 
animal  was  painted  for  10  days  with  the  particular  substance,  the  other  side 
serving  as  an  untreated  control.  Microscopic  examination  of  the  treated  skin 
revealed  inflammation  and  a high  degree  of  acanthosis  after  1-methylnaphtha- 
lene, and  severe  thickening  after  either  dodecylbenzene  or  decalin  were  ap- 
plied (dose  not  specified)  (111). 

Liquid  paraffin  was  reported  to  have  no  acanthogenlo  activity,  while 
another  drug-grade  mineral  oil  produced  moderate  skin  thickening,  and  colored 
(less  well  refined)  mineral  oil  was  highly  acanthogenic. 

After  testing  various  fractions  of  mineral  oil,  the  author  found  that 
acanthogenic  activity  increased  as  molecular  weight  decreased,  and  as  vis- 
cosity decreased.  C20  and  larger  n-paraffins  were  harmless,  C20  and  larger 
monocycloparaffins  were  nearly  inactive.  High  molecular  weight  aromatic 
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compounds,  such  as  those  found  In  pctroI;:^t>tm  jeily,  wete  also  harmless  when 
applied  to  guinea  pig  skin  (there  was  no  mention  of  the  quantity  of  substance 
applied)  (111) . 

The  effect  of  liquid  petrolatum  (r,SiP.  grand)  on  cutaneous  reactivity  of 
albino  guinea  pigs  previously  sensitissed  to  t,4-dinitrochloroben2ene  (DNCB) 
was  tested  by  Rebello  (84) • Guinea  pl^.s  were  aenoitlzed  with  one  intracutaneous 
injection  of  0.1  ml  of  a 0*05%  solution  of  PNCE  in  50%  alcohol-saline.  Two 
weeks  later,  doses  of  0.1  ml  of  DNCB  were  applied  to  this  area  and  also  to  an 
untreated  skin  area  of  the  same  animal,  and  the  degree  of  skin  erythema  and 
swelling  were  recorded. 

Three  groups  of  6 sensitized  guinea  pigs  each  were  exposed  twice  a day 
to  0.5  ml  of  liquid  petrolatum  for  two  weeks.  The  animals  exposed  dally 
developed  severe  irritation;  the  others  were  treated  every  other  day  or  every 
third  day.  After  2 weeks  and  24  hours  following  the  last  mineral  oil  ex- 
posure, the  animals  were  challenged  with  DNCB. 

Erythema  followed  by  scaling  and  thickening  was  noted  after  repeated 
liquid  petrolatum  applications  alone,  the  intensity  of  the  reaction  being 
proportional  to  the  frequency  of  application.  Histologically,  there  was 
acanthosis,  hypergranulosis  and  hyperkeratosis  of  epidermis  and  hair  folli- 
cles, with  mild  inflammation  of  the  corium.  Skin  reactions  following  the 
challenge  with  DNCB  were  more  numerous  and  intense  on  the  sensitized  skin 
treated  with  liquid  petrolatum  than  on  sensitized  skin  wl\ich  had  not  been 
exposed  to  oil.  The  treated  side  showed  spongiosis  and  some  cases  of  vesicula- 
tion  accompanied  by  prominent  lymphocytic  infiltration  and  capillary  dilata- 
tion in  the  upper  corium.  Mild  inflammation  and  capillary  dilatation  were 
the  only  findings  on  the  untreated  skin  after  the  DNCB  challenge. 

The  increased  reactivity  of  guinea  pig  skin  to  the  sensitizer  DNCB, 
caused  by  pretreatment  with  U.S.P,  mineral  oil,  was  explained  by  the  acanthogen- 
icity  of  the  oil,  Acanthotic  skin  was  thought  to  provide  a larger  quantity 
of  protein  for  conjugation  and  conversion  of  a simple  chemical  into  an  anti- 
gen. Another  explanation  offered  that  mineral  oil  caused  an  enhanced  per- 
meability of  the  skin  to  DNCB,  or  that  the  presence  of  macrophages  and 
lymphocytes  in  the  mineral  oil-treated  area  Increased  the  degree  of  sensiti- 
zation of  guinea  pig  skin  (84) . 

3,  Carcinogenicity 

The  inhalation  of  lubricating  oil  mist,  oil  smoke,  and  white  mineral  oil 
mist  in  various  species  is  discussed  in  terms  of  lung  cancer.  Skin  painting 
and  induction  rates  of  skin  cancers  in  mice  are  also  presented.  It  may  be 
helpful  to  the  reader  to  refer  back  to  the  Physical  and  Chemical  Properties 
section  dealing  with  SGF  No,  2 Models  in  order  to  better  understand  the 
chemical  composition  of  carcinogenic  oils.  There  will,  however,  be  some 
repetition  between  this  material  and  the  above-mentioned  chapter, 

a.  lung  cancer 

Inhalfition  studies  in  mice  and  guinea  pigs  are  .-resented. 
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C I"),  mice 


In  1935,  Twort  and  Twort  reported  their  experimental  results  of  ex- 
posing mice  to  mineral  oil  fumes,  which  were  created  by  heating  the  oil  on 
an  electric  plate  to  induce  thermal  cracking.  They  found  no  definite 
evidence  of  an  increased  incidence  of  lung  tumors  in  exposed  mice  (100) . 

The  experimental  setup  was  not  described. 

Lubricating  oils  recovered  from  the  sump  of  motor  vehicles  were  more 
carcinogenic  than  unused  (new)  automotive  lubricating  oils.  Liquid  paraffin 
and  Texas  engine  oil  had  very  minimal  carcinogenicity  before  cracking,  but 
the  potency  Increased  about  thirty-fold  after  cracking  on  an  electrically 
heated  plate.  It  is  unfortunate  that  in  the  experiments  mentioned  above,  the 
methods  were  not  reported  in  greater  detail  than  what  appears  here  (100) . 

Another  experiment  which  was  performed  by  Schepers  (1971,  112)  involved 
exposing  20  mice  to  "oil  smoke*'  (not  further  described)  16  times  a month  (no 
other  information  given).  In  these  20  mice,  12  lesions  developed,  whereas 
unexposed  control  mice  remained  tumor-free.  There  were  3 pulmonary  neo- 
plasms, 5 alveolar  epithelializations  and  A other  pulmonary  lesions. 

The  genetically  based,  spontaneous  pulmonary  tumor-susceptible  CAFi/Jax 
mouse  was  used  as  a possible  Indicator  of  any  potential  tumorigenic  accelerating 
or  inhibiting  capability  of  an  aerosol  of  a non-aromatic  mineral  oil  with  a 
viscosity  similar  to  SGF  No.  2 (105).  There  were  250  non-exposed  controls,  as 
well  as  250  CAFi/Jax  mice  exposed  to  oil  aerosol  concentrations  of  100  mg/m^, 
for  6 hours  a day,  5 days  a week  for  16  months.  Serial,  random  samples  of 
lungs  of  exposed  and  control  mice  were  taken  after  7,9,  10,  11,  12  and  13 
months  of  exposure,  in  order  to  provide  a sensitive  indicator  of  tumor  inhibi- 
tion or  acceleration  in  susceptible  mice. 

Gross  and  histologic  examinations  of  lung  tissue  revealed  mild  tumor 
acceleration  - 20%  and  15%  after  10  and  11  months  of  oil  mist  exposure, 
respectively,  compared  with  unexposed  CAFi/Jax  mice.  Serial  sacrifices  after 
12  and  13  months  revealed  that  the  number  of  tumors  in  oil  mist  exposed  ani- 
mals was  less  than  expected,  if  the  oil  mist  is  considered  to  be  an  accelera- 
tor (A/20  exposed  vs  6/20  controls  at  12  months,  and  9/AO  exposed  vs  lA/AO 
controls  at  13  months).  In  the  controls,  however,  there  was  a continuing 
progression  of  mice  with  tumors  over  the  entire  13-month  period.  These  find- 
ings were  thought  to  be  indicative  of  an  alteration  by  the  oil  of  the  mecha- 
nism responsible  for  the  tumorigenic  activity.  The  spontaneity  of  lung  adenoma 
formation  could  have  been  activated  by  the  presence  of  the  relatively  inert 
oil  droplets  trapped  in  the  pulmonary  alveoli,  which  could  act  as  a foreign 
body  insult.  According  to  Wagner  et  al.  (105),  evidence  of  an  altered  rate 
of  tumor  formation  at  the  100  mg/m^  oil  aerosol  concentration  was  "equivocal". 

(2.).  guinea  pigs 

After  inhalation  of  mineral  oil  aerosols  by  AO  guinea  pigs  for  2A  exposures 
per  month,  1 pulmonary  neoplasm,  8 cases  of  alveolar  eplthellallzation  and  17 
other  pulmonary  lesions  were  found.  No  tumors  developed  in  control  guinea  pigs. 
Unfortunately,  the  duration  of  the  experiment,  concentration  of  the  aerosol 
and  nature  of  the  17  other  pulmonary  lesions  were  not  specified  by  the  authors 
(112). 
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In  40  guinea  pigs  given  24  exposures  per  month  to  "oil  smoke"  (no  descrip- 
tion of  oil  smoke,  duration  of  exposure  nor  concentration  of  smoke  was  provided) 
pulmonary  effects  Included  one  neoplasm,  4 cases  of  alveolar  eplthellalizatlon 
and  9 other  pulmonary  lesions.  No  tumors  were  observed  to  develop  in  unexposed 
controls  (112). 

b.  skin  cancer  in  mice 

In  1957,  the  influence  of  various  hydrocarbons  on  the  rate  of  induction 
of  tumors  of  the  skin  of  C3H  mice  by  methylcholanthrene  or  benzo (a) pyrene 
was  investigated  by  Horton  et  al.  (113). 

A viscous  white  mineral  oil,  chiefly  composed  of  cycloparaffins  with  20 
or  more  carbon  atoms,  and  containing  (added)  benzo (a) pyrene,  0.20%  by  weight, 
was  applied  to  the  dorsal  skin  of  18  mice,  in  doses  of  50  mg,  3 times  a week 
until  papillomas  appeared.  The  average  duration  of  tumor-free  life  was  28  ± 

3 weeks,  as  compared  to  an  eocpectcd  duration  of  29  weeks  if  no  tumor  accelera- 
tion occurred.  The  mineral  oil  was  therefore  classified  as  a non-accelerator. 

Other  substances  (some  of  which  are  present  in  lubricating  oils)  were 
tested  in  a similar  manner.  t-Dodecylbenzene  with  0.17%  methylcholanthrene 
or  benzo (a) pyrene,  applied  three  times  a week  in  100  mg  doses  to  16  and  18 
mice,  respectively,  gave  9 ± 1 weeks  and  11  ± 2 weeks  of  tumor-free  life 
(expected  values  were  30  and  33  weeks).  It  was  a potent  accelerator,  n- 
Dodecane,  0.20%  benzo (a)pyrene,  50  mg  three  times  a week  reduced  tumor-free 
life  from  33  weeks  (expected)  to  15  ± 1 weeks,  and  was  also  a potent  accelera- 
tor. 7-Phenyltridecane  (an  alkylbenzene)  in  40  mg  doses,  di-sec-amylnaphtha- 
lenes  (boiling  range  330-370®C)  in  50  mg  applications,  and  1-cyclohexyldecane 
(a  cycloparaffin)  in  20  mg  doses,  were  all  potent  accelerators  of  papillomas 
in  C3H  mouse  skin. 

The  dodecylbenzene  applications  (100  mg,  three  times  a week)  produced 
primary  skin  irritation,  with  sloughing  and  hair  loss  after  2 weeks,  hyper- 
keratosis after  4-5  weeks  and  acanthosis,  but  the  skin  changes  had  no  corre- 
lation with  tumor  accelerating  activity. 

Dodecylbenzene  and  alkylbenzene  mixtures  produced  no  tumors  when  applied 
alone,  3 times  a week,  100  mg  per  dose,  to  20  mice,  over  a period  of  68  weeks. 
Six  animals  survived  (113) . 

By  1958,  Cook  et  al.  (23)  had  seen  tumors  in  the  skin  of  mice  painted 
with  lubricating  oils,  and  also  knew  of  the  skin  and  scrotal  cancers  dn  mule 
spinners  in  the  cotton  industry  and  machinists  in  the  metal  mnaufacturing 
industry.  He  stated  that  up  to  tjiat  point,  no  pure  carcinogen  had  ever  been 
isolated'  from  uncracked  crude  oil  distillates;  he  then  set  out  to  separate 
and  characterize  the  carcinogenic  fractions,  in  hopes  of  identifying  the  sub- 
stances responsible  for  their  activity. 

His  experiments  involved  fractloviating  crude  oils  from  three  sources: 
Kuwait,  Lagunillas  and  Oklahoma.  By  reducing  the  pressure  in  the  fraction- 
ating column,  he  was  able  to  avoid  thermal  decomposition,  i.e.,  cracking 
and  the  possible  formation  of  new,  carcinogenic  substances.  One  fraction 
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with  especially  high  skin  cancer-producing  activity  in  rabbits,  and  slight 
activity  in  mouse  skin,  boiled  between  350-400®C.  It  was  found  that  the 
aromatic  hydrocarbons  present  in  this  fraction  were  responsible  for  the 
carcinogenicity,  because  when  these  were  extracted  with  aqueous  acetone  or 
furfural  (which  selectively  remove  polycyclic  aromatic  components  from  lubri- 
cating oils),  the  carcinogenic  activity  passed  almost  entirely  into  the 
extracts,  which  amounted  to  about  20!5  of  the  350-400®C  fraction.  Reaction 
of  the  aromatic  extract  with  maleic  anhydride  removed  a portion  containing 
anthracene  derivatives.  The  anthracene  portion  was  a relatively  inactive 
carcinogen.  The  remaining  part  of  the  extract,  treated  with  picric  acid  in 
ethanol,  yielded  two  fractions  which  were  actively  carcinogenic,  but  most 
activity  was  in  the  mother  liquor.  The  two  fractions  were  chromatographed 
on  alumina,  and  the  carcinogens  could  be  largely  concentrated  by  elution 
with  petroleum  ether  and  with  benzene.  They  Included:  1,8-dlmethylphenan- 
threne,  1,2,8-trimethylphenanthrene,  tetramethylphenanthrene,  tetramethyl- 
fluorene,  1-methylpyrene,  1,2-benzofluorene,  8-methyl-l,2-benzofluorene, 

1 . 8- dimethyldibenzo thiophene , 1,2,6.,  7-tetramethy Idlbenaothiophene , 3-ethy  1- 

6.8- dimethylnaphtho(l,2-b)-thlophe;»e  and  pentamethylcarbazole.  The  maleic 
anhydride  extracts  (anthracene  portion)  contained:  2,6-  and  2,7-dimethyl- 
anthracene,  2,3,6-trimethylanthracene,  1,3, 5, 7-,  1,3, 6, 7-  and  2, 3,6,7- 
tetramethylanthracene,  and  four  unidentified  tri-  or  tetramethylanthracenes. 

The  substances  in  the  picric  acid-ethanol  fractions  were  polycyclic 
aromatic  hydrocarbons  of  a degree  of  complexity  approaching  tl  at  of  then 
known  polycyclic  aromatic  carcinogens,  namely  benro(n)pyrene,  and  thus  it 
was  conceivable  that  they  might  be  weakly  carcinogenic  and  contribute  to  the 
total  activity  of  lubricating  oils. 

The  Kuwait  oil  was  also  very  high  in  sulfur  content,  and  spectrographlc 
evidence  indicated  that  many  carcinogenic  fractions  contained  considerable 
quantities  of  dlbenzo thiophene  derivatives  as  well  as  other  condensed  poly- 
cyclic thiophene  compounds.  A number  of  coidensed  tetracyclic  thiophene 
derivatives  were  already  known  to  have  powe’'ful  carcinogenic  activity  (23, 
62). 


Benzo (a) pyrene  had  been  extracted  from  industrial  lubricating  oils  with 
sulfuric  acid,  in  order  to  protect  employees  from  skin  cap.v'.er.  The  fact  was 
that  these  other  polycyclic  aromatic  hydrocarbons  separated  by  Cook  et  al. 
could  not  be  extracted  with  sulfuric  acid,  but  only  with  furfural,  phenol 
or  cresol  (62,  66). 

Bills  (62)  reviewed  the  work  of  Bingham  (1965),  who  investigated  the 
carcinogenicity  of  both  solvent  refined  lubricating  oils  and  sulfuric  acid 
treated  and  filtered  lubricating  oils.  Test  groups  of  mice  were  treated 
with  50  mg  of  undiluted  oil  twice  weekly  for  80  weeks.  The  basic  test  group 
was  15  mice,  hut  if  no  tumors  developed  by  the  end  of  26  weeks,  another  15 
mice  were  added.  One  oil  sample,  with  a viscosity  similar  to  SGF  No.  2, 
which  was  acid  refined  and  had  no  additives,  produced  9 malignant  tumors  in 
15  mice.  No  benign  tumors  were  found.  Using  the  same  experimental  set-up, 
a solvent  refined  oil  was  reported  to  be  non-carcinogenic  to  mouse  skin. 
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In  general,  irrespective  of  crude  oil  source,  solvent  e3:traction  was 
deemed  superior  to  sulfuric  acid  in  removing  certain  carcinogenic  polycyclic 
aromatic  hydrocarbons  from  lubricating  oils  (62) . 

In  1967,  male  Chester-Beatty  mice  were  used  to  test  the  carcinogenicity 
of  a batching  oil  used  in  the  manufacture  of  jute.  This  oil,  which  was  not 
solvent  refined,  was  found  to  contain  detectable  levels  of  benzo (a) pyrene, 
although  the  actual  concen iration  was  less  than  1 yg  per  gram  of  oil,  i.e., 
less  than  1 ppm  by  weight.  No  other  polycyclic  aromatic  h^/drocarbons  were 
found  after  paper  and  absorption  column  chromatography  followed  by  ultra- 
violet spectroscopy. (19) . 

In  one  experiment,  a sub-carcinogenic  dose  (150  yg  in  0.2  ml  acetone) 
of  7, 12-dimethylbenz (a) anthracene  (DMBA)  was  applied  to  the  dorsal  skin  of 
24  animals,  followed  by  applications  of  the  batching  o^l,  undiluted,  for 
4 weeks.  This  produced  inflammation  and  skin  ulcers.  After  18  days  of 
healing,  mineral  oil  applications  were  resumed  for  6 further  twice-weekly 
applications.  The  animals  thus  received  14  applications  of  0.25  ml  of  batch- 
ing oil  during  the  course  of  9 1/2  weeks.  More  than  90%  (22)  of  the  animals 
developed  first  skin  tumors  in  an  average  of  11  weeks.  Malignant  tumors 
occurred  in  11  animals,  of  which  there  were  9 squamous  cell  carcinomas,  1 
basal  cell  carcinoma  and  1 sarcoma.  Benign  lesions  predominated,  namely, 

22  squamous  papillomas. 

In  24  animals  treated  with  batching  oil  but  not  with  DMBA,  in  the 
same  application  schedule  as  the  group  described  above,  6 animals  developed 
malignant  skin  tumors  in  84  weeks,  with  an  average  induction  time  of  the 
first  tumor  of  20  weeks.  Some  of  the  skin  tumors  were  of  unusual  histologi- 
cal types;  they  Included  1 sarcoma,  2 carcinosarcomas,  3 squamous  cell  car- 
cinomas, and  2 benign  squamous  papillomas. 

DMBA  alone,  in  the  150  yg  dose,  had  i;egligible  carcinogenicity.  Control 
mice  receiving  neither  DMBA  nor  oil  developed  no  skin  tumors  in  84  weeks. 

Tumors  occurring  at  sites  other  than  the  skin  included  3 pulmonary 
adenomas,  2 generalized  lymphocytic  neoplasms  and  3 hepatomas  in  mice  treated 
with  DMBA  only.  In  mice  treated  with  Latching  oil  alone,  there  were  2 pul- 
monary adenomas,  3 generalized  lymphomas  and  2 hepatomas.  Untreated  mice 
developed  1 each  of  pulmonary  adenoma  and  hepatoma,  and  5 generalized 
lymphomas.  No  distant  tumors  were  found  in  mice  receiving  the  DMBA  and 
batching  oil.  These  lesions  were  stated  to  be  coiranon  in  Chester-Beatty  stock 
mice  (19) . 

Horton,  in  1973  (114),  tested  the  carcinogenicity  of  a highly  cyclopar- 
affinic  extract  of  lubricating  oil,  with  a viscosity  similar  to  SGF  No.  2, 

The  material  was  rich  in  2-  and  3-ring  cycloparaffins. 

The  co-carcinogenic  activity  was  determined  by  adding  0.14%  by  weight 
of  benzo (a) pyrene  to  the  oil  and  applying  this  repeatedly  to  the  inter- 
capular  area  of  male  C3H  mice  (15-20  animals  per  group).  As  a control,  a 
solution  of  0.14%  benzo (a) pyrene  in  a non-carclnogenic  vehicle  (decahydro- 
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naphthalene.)  was  applied  to  another  group  of  mice.  The  average  tumor-free 
life  of  the  experimental  and  control  animals  (until  one  papilloma  appeared) 
was  compared.  The  controls  remained  tumor-free  for  about  37  weeks,  while 
the  cycloparaff inic  oil  treated  group  remained  tumor-free  for  33  weeks. 

To  determine  inhibiting  activity,  three  50  yl  doses  of  0.4%  dimethyl- 
benzanthracene  (DMBA)  in  benzene  were  applied  to  the  skin  in  one  week.  After 
a 3-week  interval,  the  oil  was  applied  twice  a week  to  the  same  skin  area, 
until  tumors  appeared.  Control  animals  receiving  only  DMBA  had  a 35%  tumor 
production  rate,  while  oil  treatment  retarded  the  appearance  of  tumors 
initiated  by  DMBA.  The  rate  was  as  low  as  40%  as  many  tumors  as  in  the  con- 
trols. This  oil  was,  then,  a definite  inhibitor  to  latent  cancer  initiated 
by  DMBA  (114). 

Another  oil  which  was  tested  was  described  as  a lubricating  oil  ex- 
tract rich  in  n-alkanes  and  monocycloalkanes,  with  a viscosity  similar  to 
SGF  No.  2.  Using  the  same  methodology  as  above,  this  oil  was  found  to  be  a 
stronger  promotor  (co-carcinogen)  than  the  dl-  and  tricycloparaf fin-rich 
oil.  In  this  case,  tumor-free  life  of  male  C3H  mice  was  29  weeks,  as  com- 
pared with  37  weeks  in  the  controls. 

Gas  chromatography  of  the  above  oils  revealed  that  n-alkanes  containing 
17-28  carbon  atoms  were  mild  tumor  promoters,  as  compared  with  C 15-015  n- 
alkanes  (not  significant  in  lubricating  oils)  which  possessed  a much  higher 
tumor  promoting  activity.  The  cycloparaff inic  oil  was  less  promoting  than  the 
oil  rich  in  n-alkanes.  Oils  containing  mixtures  of  normal  and  cyclic  alkanes 
had  a modest  promoting  activity,  which  was  interpreted  as  a compromise  be- 
tween the  effects  of  active  promoters  and  inhibitors  (114). 

In  1960,  Ilueper  also  had  found  that  highly  refined,  non-aromatic  paraf- 
fin oil  was  capable  of  producing  tumors  in  mice.  Paraffin  oil  was  painted 
on  the  skin  of  the  nape  of  the  neck  of  50  C57  black  mice,  25  of  each  sex, 
twice  weekly  for  24  months,  follovring  which  the  survivors  were  killed. 

The  oil  was  found  to  be  mildly  carcinogenic;  one  squamous  cell  carcinoma, 
one  papilloma,  and  two  leukemias  or  lymphomas  resulted ^ No  other  data  was 
provided  (115) . 
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V.  PHARMACOKINETICS  OF  FOG  OILS  IN  HUMANS  AND  ANIMALS 

Due  to  differences  In  physical  and  chemical  properties  between  the 
two  fog  oils,  SGF  No.  1 and  SGF  No.  2,  the  absorption,  distribution,  blo- 
transformatlon  and  excretion  of  both  fog  oils  will  be  treated  separately  In 
this  chapter. 

A.  SGF  No.  1 Models 

Alttiough  the  absorption,  distribution,  storage,  biotrans formation j and  ex- 
cretion of  the  middle  distilla  fuels  have  not  been  reported  in  the  literature 
to  date,  it  is  likely  that  the  pharmacokinetics  of  the  different  hydrocarbon 
types  present  in  these  fuels,  e.g.,  aromatics,  paraffins  and  olefins,  would 
proceed  through  different  mechanisms.  Further  studies  are  needed  to  evaluate 
this  possibility.  Reported  data  include  the  skin  absorption  rate  of  diesel 
fuel,  absorption,  metabolism  and  distribution  of  normal  paraffins  from  the 
digestive  tract,  distribution  and  metabolism  of  selected  alkyl  aromatic  com- 
pounds, and  urinary  bio transformation  products  of  aromatic  hydrocarbons. 


1.  Absorption 

The  general  lipid  solubility  of  these  fuels  allows  their  absorption 
through  the  respiratory  epithelium,  mucous  membranes,  gastrointestinal 
tract  and  epidermis.  In  one  study  by  Starek  et  al.  (92),  the  absorption 
of  diesel  fuel  through  the  intact  tall  skin  of  Wlstar  rats  was  measured  and 
found  to  be  2.57  ± 0.52  mg/cm^/hr  (the  methodology  was  not  detailed).  The 
authors  felt  that  since  no  rats  died,  the  rate  of  absorption  had  been  too 
slow,  presumably,  to  allow  accumulation  of  the  fuel  in  the  bodies  of  the 
rats. 

The  normal  aliphatic  portion  of  diesel  fuel  can  be  represented  by 
octadecane  and  hexadecane  for  purposes  of  studying  absorption.  It  was 
originally  believed  that  these  paraffins  were  completely  unabsorbed  and 
metabolically  inert.  El  Mahdi  and  Channon  (116)  found  that  rats  fed 
n-hexadecane  daily  for  3 weeks  (doses  from  0.035  - 0.12  ml)  were  able  to 
absorb  about  7%  of  the  total  dose.  Because  there  was  no  increase  in  un- 
saponifiable  material  in  the  livers  of  these  rats,  they  concluded  that  the 
substance  was  either  metabolized  or  stored  in  an  organ  other  "han  the  liver. 
Hexadecam  was  isolated  from  tissue  lipids  after  prolonged  feeding  of  the 
substance  to  rats  (137).  Stetten,  Jr.  (117)  found  that  growing  rats  absorbed 
about  80  mg/day  of  deuterated  hexadecane,  of  which  15%  of  the  isotope  was 
recovered  in  fatty  acids.  This  was  evidence  that  oxidation  took  place. 

The  isotope  content  of  the  liver  was  higher  than  that  of  the  feces,  in- 
dicating the  site  of  oxidation  was  not  exclusively  the  gastrointestinal 
tract.  There  was  no  accumulation  of  unoxidized  hydrocarbon  in  the  liver. 

The  oxidation  of  normal  aliphatics  to  fatty  acids,  occurring  in  the 
intestinal  wall  of  rats  fed  deuterated  octadecane,  hexadecane,  tetra- 
decane,  dodecane  and  decane,  was  studied  by  Bernhard  et  al.  (118). 

The  reaction  proceeds  in  2 steps:  an  intestinal  dehydrase  removes  hydro- 
gen from  the  1,2-position;  oxidation  follows. 
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The  products  of  this  reaction  were  recovered  in  the  mesenteric  lymph. 
McCarthy  (119)  found  that  oxidation  occurred  in  perfused  goat  rumen  prior 
to  absorption  into  the  blood.  Hexadecane  and  octadecane  underwent 
oxidation  to  fatty  acids  of  the  same  carbon  number.  A portion  of  these 
hydrocarbons  was  also  absorbed  unaltered  from  the  gut  and  found  in  liver 
lipids  after  6 hours,  as  determined  from  experimental  feeding  of  radioactive 
octadecane  and  hexadecane  to  rats. 

Oxidation  of  radioactive  hexadecane  occurs  in  subcellular  fractions 
of  guinea  pig  intestinal  mucosa  (120).  The  highest  activity  was  found  in 
the  microsomal  fraction,  although  the  high-speed  supernatant  was  also 
active.  Microbial  enzymes  from  the  flora  of  the  small  intestine  did  not 
contribute  to  oxidation.  Maximal  conversion  of  hexadecane  to  hexadecanol 
and  palmitic  acid  required  NAD^,  NADP^  and  glucose-b-phosphate,  and  the 
reaction  was  inhibited  by  carbon  monoxide.  Indicating  involvement  of 
cytochrome  P450  in  oxidation. 

The  major  site  of  absorption  of  normal  alkanes  was  found  to  be  the 
small  intestine  in  rats.  There  were  no  differences  in  uptake  among  duo- 
denum, jejunum  and  ileum.  Duodenal  sections  of  intestine  released  radio- 
active hexadecane  and  its  metabolic  prodiy:ts  more  rapidly  then  sections 
of  ileum.  The  primary  route  of  absorption  was  into  the  lymph,  as  de- 
termined by  cannulatlon  of  the  intestinal  lymph  duct.  Paraffins  with 
more  than  29  carbon  atoms  were  not  significantly  absorbed,  and  there 
were  no  significant  differences  between  retention  of  branched,  cyclic 
and  unsaturated  hydrocarbons  and  saturated  aliphatics  with  the  same 
carbon  number.  (Retention  was  calculated  as  100%  minus  the  percentage 
excreted  in  feces).  In  rats  injected  intraduodenally  with  radioactive 
hexadecane  in  an  emulsion  of. synthetic  rat  bile,  the  lymph  and  blood 
levels  of  increased  almost  linearly  over  7 hours.  Portal  blood  was 
slightly  more  radioactive  than  heart  blood,  suggesting  the  possibility 
of  direct  absorption  of  the  hydrocarbon  or  metabolites  into  the  portal 
circulation.  The  authors  postulated  that  absorption  of  aliphatic  hydro- 
carbons involves  emulsification  in  the  gastrointestinal  tract,  some  ab- 
sorption of  intact  molecules  into  the  lymph,  and  some  oxidation  to  fatty 
acids  of  the  same  carbon  number  at  the  time  of  absorption  (121) . 

The  absorption  of  radioactive  hexadecane  after  topical  application 
to  the  skin  of  male  albino  guinea  pigs  for  48  hours  was  about  20%  of  the 
total  applied  dose.  Mineral  oil,  docosane  and  heptane  reduced  the  pen- 
etration of  the  labelled  alkane,  while  repeated  applications  of  hexadecane 
Increased  its  uptake  (122).  It  is  proposed  that  heavy  mineral  oil  and 
alkanes  over  20  carbons  long  reduce  the  dermatotoxic  effect  of  hexadecane 
by  Interfering  with  its  penetration  to  the  site  of  action,  which  appears 
to  be  deep  in  the  epideirmis.  The  use  of  protective  pastes  on  the  skin  to 
reduce  dermatitis  after  exposure  to  industrial  solvents  and  fuels  is 
based  on  this  observation.  The  mechanism  of  the  protective  effect  may  be 
either  one  of  simple  dilution  or  a more  specific  interference  of  penetra- 
tion. 


%AD  - nicotinamide-adenine  dinucleotide 

^NADP  - nicotinamide-adenine  dinucleotide  phosphate 
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Aromatic  hydrocarbons  are  absorbed  slowly  through  the  skin.  Gerarde 
(8  ) feels  that  systemic  intoxication  with  these  compounds  following 
topical  exposure  is  improbable  for  this  reason.  Absorption  of  alkylben- 
zenes,  for  example,  into  the  bloodstream  may  cause  ].ocal  irritation  of 
the  endothelium  and  permeability  changes  in  capillaries,  leading  to  edema, 
petechiae  or  gross  hemorrhage.  Alkylbenzenes  are  absorbed  in  decreasing 
levels  from  the  gastrointestinal  tract  with  Increased  chain  length  and 
branching. 

In  one  report  of  a 2-year-old  boy  who  drank  heating  oil  (composition 
unspecified)  and  was  given  mineral  oil  therapeutically,  it  was  postulated 
that  the  mechanism  of  absorption  involved  formation  of  an  emulsion  of  the 
oils  in  the  small  intestine.  Microdroplets  of  the  hydrocarbons  then  were 
able  to  pass  into  the  lymph,  and  into  the  bloodstream.  An  alternate  theory 
is  that  the  oils  may  have  been  resorbed  by  direct  passage  through  the  in- 
testinal wall  without  degradation,  in  a manner  similar  to  persorption  of 
starch  granules.  The  mechanism  remains  unknown  (123). 


2.  Distribution 
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Once  in  the  bloodstream,  aliphatic  hydrocarbons  in  the  form  of  free 
fatty  acids  are  cleared  by  the  liver.  McCarthy  (119)  found  that  in 
goats,  radioactive  octadecane  was  rapidly  cleared  from  the  bloodstream 
after  i.v,  administration  and  there  was  increased  radioactivity  in  liver 
phospholipid  and  fatty  acid  fractions,  indicating  that  the  liver  took  up 
the  octadecane  before  conversion  to  fatty  acids. 

Bernhard  (124)  fed  rats  deuterated  octadecane  and  found  the  isotope 
in  oleic,  palmitic  and  stearic  acids.  In  another  experiment,  rats 
fed  labelled  octadecane  and  hexadecane  developed  deposits  of  these  paraf- 
fins in  the  liver  and  fatty  tissues. 

The  distribution  of  octadecane  was  studied  by  Popovic  0-25).  After 
i.v.  administration  of  a radioactive  emulsion  of  n-octadecane  to  rats, 
the  radioactivity  was  concentrated  in  the  liver  (33%) , fat  (18%) 
and  spleen  (8,3%),  while  after  p.o.  administration,  the  most  radioactivity 
was  in  the  liver  (1.28%),  fat  (0,66%)  and  intestine  (2,41%),  This  indi- 
cates that  only  a small  portion  of  octadecane  emulsion  was  absorbed  from 
the  gastrointestinal  tract.  Expired  ^**002,  determined  every  30  minutes 
after  administration,  was  also  much  lower  when  the  emulsion  was  given 
orally  than  intravenously.  The  octadecane  was  incorporated  into  fatty 
acids  in  the  liver,  especially  lecithin. 

Goat  and  rat  liver  homogenates  metabolized  hexadecane  more  readily 
than  carbon  chains  either  longer  or  shorter  than  according  to  McCarthy 

(119).  The  microsomal  fraction  of  mouse  liver  hydroxylates  long-chain 
aliphatic  hydrocarbons.  Radioactive  hexadecane  was  oxidized  in  the  pres- 
ence of  NADPH^  and  molecular  oxygen  to  palmitate  and  a smaller  quantity 
of  hexadecanol.  Mouse  lung  microsomes  showed  weak  hydroxylation  activity, 
and  the  kidney  microsomal  fraction  was  inactive  (CL26).  P450  cytochrome 
Involvement  was  shown  by  inhibition  of  the  reaction  with  carbon  monoxide. 


NADPH  - reduced  form  of  NADP 
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After  topical  application  of  radioactive  hexadecane  in  guinea  pigs, 
the  demls  contained  about  0.1%  of  the  applied  dose,  and  the  liver  and 
kidneys  a total  of  about  0,1%,  Measurable  amounts  of  were  not  found 
in  the  blood  (122). 

Alkylbenzenes  and  related  aromatic  hydrocarbons  are  found  in  the  blood- 
stream adsorbed  on  lipoproteins  or  dissolved  in  chylomicrons,  after  gastro- 
intestinal absorption,  but  the  majority  is  bound  to  red  blood  cells,  due 
to  high  lipid  solubility  of  the  hydrocarbons.  They  accumulate  in  body 
tissues  in  proportion  to  their  fat  content  (8) . They  may  be  dissolved 
in  neutral  body  fat,  may  enter  the  nervous  system  and  cerebrospinal 
fluid  and  may  cross  the  placenta  into  fetal  blood,  as  do  other  lipid 
soluble  substances. 

3.  Excretion 

Excretion  of  heating  oil  is  briefly  discussed  in  a report  of  a 2-year- 
old  boy  who  drank  the  substance.  The  oil  could  be  detected  spectroscopically 
in  the  urine  of  the  child  (123).  Details  were  not  provided. 

In  albino  rabbits  given,  orally,  various  organic  compounds  at  half  the 
single  lethal  dose,  urinary  inorganic  sulfates  and  glucuronic  acid  were  de- 
teirmlned  by  quantitative  spectrophotometry  with  a modified  Tollens  test 
(127).  Kerosene  and  naphthalene  caused  a marked  Increase  in  glucuronic 
acid  excretion  and  a slight  or  moderate  increase  in  urinary  inorganic 
sulfates,  usually  on  the  second  day  after  dosing.  This  may  be  a valuable 
method  for  assessing  the  extent  of  absorption  of  organic  compounds  in 
industrially  exposed  persons. 

In  comparison  with  kerosene,  diesel  fuel  is  excreted  slowly  by  rats 
fed  large  doses,  and  accumulation  of  the  substance  occurred  (92). 

Excretion  of  aromatic  hydrocarbons,  such  as  alkylbenzenes,  occurs 
either  as  unchanged  hydrocarbons,  or  as  water  soluble  urinary  biotrans- 
formation products,  conjugated  with  glucuronic  acid,  sulfuric  acid  or 
glycine.  Unmetabolized  aromatics  may  also  be  exhaled  from  the  lungs 
(8) . Figure  1 shows  the  curve  of  aromatic  hydrocarbons  in  blood  following 
a 1.25  ml  intragastric  dose  of  kerosene.  After  an  initial  rise,  the  blood 
concentration  fell  over  the  next  12  hours,  and  by  32  hours,  less  than  5 ppm 
could  be  detected. 

Urinary  biotransformation  products  of  aromatic  hydrocarbons  have  been 
studied  and  the  metabolic  pathways  described.  Hepatic  monooxygenases  con- 
vert naphthalene  to  naphthalene-1, 2-oxide,  which  then  either  spontaneously 
Isomerlzes  to  1-naphthol,  is  enzymatically  hydrated  to  a trans-dlhydrodiol, 
or  conjugates  both  spontaneously  and  by  enzymatic  catalysis  with  glutathione. 
The  conversion  of  polycyclic  hydrocarbons  to  oxides  of  phenanthrene  and 
benzanthracene  also  occurs.  Glutathione  conjugates  are  metabolized  to  pre- 
mercapturlc  acids,  by  loss  of  glycine  and  glutamic  acid  residues,  followed 
by  N-acetylation  of  the  substituted  cysteine.  The  premercapturic  acids  are 
dehydrated  to  mercapturic  acids  (128). 
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B.  SGF  No.  2 Models 

The  absorption,  distribution,  and  metabolic  pathways  to  excretion  or 
storage  of  lubricating  and  medicinal  mineral  oils  are  discussed,  as 
applicable  to  humans  and  other  mammals. 

1.  Absorption 

Aerosols  of  lubricating  oils,  containing  droplets  under  5 p in  diameter, 
are  of  alveolus-penetrating  size.  The  depth  of  penetration  of  particles  or 
droplets  into  the  lung  was  found  to  increase  with  decreasing  diameter  of 
the  droplets.  The  percentage  of  retention  Increased  with  increasing  size 
(69).  The  fact  that  oil  pneumonia  (or  at  least  oil  droplets  inside  macro- 
phages in  lung  tissue  and  surrounding  bronchioles)  has  been  documented  in 
animals  inhaling  oil  aerosols,  is  evidence  of  absorption  of  oil  droplets 
from  the  pulmonary  epithelium  (69,  101). 

Absorption  of  lubricating  oils  from  Intact  skin  occurs,  at  least 
through  the  dermis,  giving  rise  to  skin  responses  such  as  hyperkeratosis, 
acanthosis  and  malignancy,  as  amply  Illustrated  in  the  Animal  and  Human 
Toxicity  sections.  Hodgson  (59)  termed  the  skin  a protective  barrier,  which 
was  either  penetrated  or  broken  down  by  chronic  oil  exposure. 

Absorption  of  lubricating  oils  through  the  gastrointestinal  tract  has 
been  demonstrated  in  humans  and  animals.  Medicinal  mineral  oil  was  found 
(histological  and  chemical  studies)  in  lymph  nodes  of  the  portal  hepatis  in 
49  of  61  consecutive  autopsies  of  humans  over  the  age  of  20  years  (28),  In 
60  livers  and  34  spleens  obtained  from  63  autopsies,  oil  droplets  were 
identified  as  mineral  oil.  Chemical  analyses  revealed  mineral  oil  concen- 
trations of  0,11-4.1  mg  per  gram  of  liver  and  0,14-4.5  mg  per  gram  of  spleen. 
The  liver  and  splenic  oil  content  were  thought  to  be  dun  to  drainage  of 
abdominal  lymph  nodes  via  the  hepatic  lymphatic  channels  (87).  Ingestion 
of  mineral  oil,  either  intentionally  or  by  eating  processed  foods  was  thought 
be  be  responsible  for  the  findings  of  oil  in  these  locations. 

In  a series  of  400  autopsies,  there  were  23  cases  in  which  histological 
evidence  of  mineral  oil  in  mesenteric  lymph  nodes  was  found.  In  7 of  these 
cases,  oil  was  found  also  in  the  liver  and  spleen.  In  12  of  the  23  cases, 
intestinal  tissues  could  be  examined,  and  one  case  of  oil  macrophages  in 
the  intestinal  wall  were  described.  The  correlation  between  clinical  history 
and  oil  in  mesenteric  lymph  nodes  in  the  23  cases  was:  liquid  petrolatum 
use  in  5,  laxative  use  in  7,  denial  of  laxative  use  in  4,  and  clinical 
history  unknown  in  7 (129). 

In  humans,  about  2%  of  the  normal  -laxative  dose  of  mineral  oil  can 
be  absorbed  (28), 

Ebert  et  al,  (130)  studied  the  absorption  of  II,S,P,  mineral  oil  after 
its  oral  administration  to  Sprague-Dawley  and  Holtzman  rats.  The  oil,  which 
was  randomly  tritiated,  was  administered  in  a dose  of  0,66  mg/kg  of  body 
weight,  a dose  represen^'ative  of  the  recommended  human  (laxative)  dose. 
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More  than  80%  of  the  total  dose  was  excreted  without  being  absorbed.  Five 
hours  after  administration,  13,8  vg/g  of  total  body  weight,  or  1,6%  of 
the  total  dose,  was  absorbed.  This  was  the  highest  concentration  of  mineral 
oil  that  was  absorbed  at  any  time  in  the  rats.  There  was  no  evidence  of 
facilitation  of  absorption  in  rats  fed  0,66  mg/kg  of  body  weight  of  mineral 
oil  daily  for  31  days. 

From  these  general  sites  of  absorption,  l,e,,  lungs,  skin  and  intest:'ne, 
the  oil  is  usually  found  not  to  have  travelled  very  far,  but  instead  to 
remain,  in  small  intracellular  droplets  of  macrophages,  or  in  larger, 
coalesced  globules  or  paraffinomas,  close  to  the  site  of  entry,  as  amply 
documented  by  the  hlstopathologlcal  descriptions  in  animals  and  humans, 

2,  Distribution 


Gross  and  histologic  findings  in  animals  and  humans,  as  previously  dis- 
cussed, Indicate  that  much  of  the  Inhaled  lubricating  oil  which  is  absorbed 
is  captured  in  phagocytes  and  remains  dispersed  within  the  lungs  or  lymph 
nodes  and  lymph  vessels  of  the  lungs  (or  in  the  mesenteric  lymph  nodes  if 
Ingested),  The  formation  of  granulomas  containing  the  oil  droplets  prevents 
the  oil  from  further  spreading.  This  is  supported  by  the  work  of  Stryker 
(129),  who  fed  13  adult  white  rabbits  20~30  ml  of  oil  per  rabbit  per  day 
mixed  with  the  diet.  After  7 months  of  feeding  the  rabbits,  mineral  oil 
nodules  were  present  in  the  gastrointestinal  mucosa,  mesenteric  lymph  nodes 
and  liver.  The  longer  the  rabbits  were  given  the  oily  diet,  the  more  granu- 
lomas appeared  in  these  locations.  Rats  fed  a diet  containing  about  5% 
mineral  oil  (exact  dose  not  reported)  also  developed  oil  granulomas  in  the 
mesenteric  lymph  nodes  and  the  liver,  but  not  in  the  intestinal  mucosa,  after 
7 months,  Guinea  pigs  refused  to  consume  the  oil  diet,  and  were  dosed  once 
a day  with  1-20  ml  of  mineral  oil  per  animal.  Even  after  15  months  of  dosing, 
there  was  very  little  histologic  evidence  of  accumulation  of  oil  in  the 
liver  or  mesenteric  lymph  nodes. 

In  Ebert’s  rats  dosed  with  0.66  ml/kg  of  tritiated  mineral  oil,  the 
distribution  of  the  oil  after  5 hours  was  highest  in  the  liver  (110  yg/g  of 
tissue),  with  from  8 to  50  yg/g  of  fat,  kidney,  brain,  and  spleen,  or  a 
total  in  these  organs  of  less  than  0,2%  of  the  oral  dose  (130),  Intra- 
perltoneal  injection  of  0,66  mg/kg  of  body  weight  revealed  approximately  the 
same  distribution  in  liver,  kidney,  fat  and  brain  as  did  oral  administration 
of  this  dose,  after  24  hours,  i,e,,  the  liver  and  fatty  tissue  contained 
the  highest  concentrations  of  oil,  and  brain  the  lowest. 

Six  young  male  rabbits  (2-3  kg)  were  intravenously  injected  with  1 ml/kg 
of  body  weight  of  a paraffin  oil  emulsion  (containing  15%  oil  labelled  with 
C ^ ‘♦-decane) , Radiochemical  and  histological  examinations  revealed  that 
after  injection,  the  emulsion  was  rapidly  cleared  from  the  bloodstream,  and 
was  no  longer  detectable  in  blood  after  1 hour.  The  substance  was  filtered 
by  the  liver,  spleen,  adrenals,  bone  marrow  and  lungs.  The  content  of 
these  organs,  after  1 hour  was:  liver  > adrenal  > bone  marrow  > spleen  > 
lungs*  After  12  hours,  a different  distribution  was  noted;  adrenal  > 
spleen  > liver  > bone  marrow  > lungs.  After  1 month,  the  distribution  was 
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still  similar,  although  much  less  was  present,  as  Indicated  by  counts  per 
minute  per  gram  of  the  particular  containing  tissue.  The  authors 
justified  their  use  of  decane  as  a tracer,  stating  that  the  total  paraffins 
of  mineral  oil  were  similar  in  behavior  and  distribution  in  the  organism 
to  decane.  Histological  methods  established  that  the  reticuloendothelial 
cells  of  these  organs  had  filtered  out  the  oil  emulsion.  The  Kupffer  cells 
of  the  liver  picked  up  the  oil,  which  was  later  found  in  hepatocytes  as 
small  granulomas.  In  the  spleen,  red  pulp  reticulocytes  contained  the  oil; 
the  reticulocytes  of  bone  marrow  and  both  adrenal  cortex  and  medulla  con- 
tained oil  droplets  (131) . 

In  cases  of  lipoid  pneumonia  due  to  mineral  oil  aspiration,  not  only 
the  lungs,  but  also  hilar  and  portal  lymph  nodes,  liver  and  spleen  have  been 
found  to  contain  mineral  oil  deposits  and/or  paraffinomas  (67,  86).  011 

in  the  lungs  may  be  carried  by  the  lymphatics  to  the  hilar  lymph  nodes  and 
from  th®re  be  transported  into  the  thoracic  duct,  entering  the  systemic  cir- 
culation and  becoming  deposited  In  the  liver,  spleen  or  other  organs  of  the 
body  (68). 

Medicinal  mineral  oil  has  also  been  found,  however.  In  autopsled  tissues 
and  organs  of  persons  with  no  evidence  of  lipoid  pneumonia,  and  dubious  his- 
tories concerning  mineral  oil  laxative  Ingestion.  In  one  report  by  Boltnott 
and  Margolls  (28) , lymph  nodes  taken  from  the  porta  hepatls  of  49  of 
61  consecutive  autopsies  of  humans  over  the  age  of  20  were  examined  histologi- 
cally and  analyzed  chemically  for  the  presence  of  mineral  oil. 

In  38  cases  (78%)  large  oil  droplets  (100  y diameter)  were  present  in 
the  lymph  nodes.  Small  Intra-  and  extracellular  oil  droplets  and  multi- 
nucleated  giant  cells  were  seen  adjacent  to  the  larger  droplets.  Saturated 
hydrocarbons  were  detected  by  thin-layer  chromatography  in  all  49  cases;  in 
5 (10%)  of  cases,  only  traces  were  present. 

In  3 cases,  further  characterization  of  the  saturated  hydrocarbons  by 
mass  spectrometry  revealed  a pattern  typical  for  mineral  oil,  although  the 
case  histories  did  not  indicate  that  mineral  oil  had  been  used  by  these  3 
patients.  The  lymph  nodes  also  contained  traces  of  n-alkanes  and  monocyclo- 
alkanes, with  higher  molecular  weights  than  are  generally  found  in  mineral 
oil,  but  no  aromatic  hydrocarbons  were  detected  in  the  samples. 

The  authors  felt  that  the  high  incidence  of  mineral  oil  droplets  found 
in  abdominal  lymph  nodes  was  out  of  proportion  to  laxative  use  and  other 
medicinal  uses  of  mineral  oil.  Non-medicinal  sources  of  mineral  oil  inges- 
tion (it  was  widely  used  in  the  food  processing  industry  as  of  1964)  were 
thought  to  account  for  the  above  findings.  In  laxative  doses,  up  to  2%  of 
the  ingested  mineral  oil  may  be  absorbed.  Processed  foods  containing  mineral 
oil  were  calculated  to  add  an  additional  ingestion  of  47.5  grams  of  mineral 
oil,  on  the  average,  per  capita  per  year  to  the  American  diet  (28). 

As  in  the  abdominal  lymph  nodes,  the  authors  were  also  able  to  identify 
saturated  hydrocarbons  of  liquid  oil  droplets  in  60  livers  and  34  spleens 
obtained  from  63  patients  at  autopsy  (87), 
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In  the  spleens,  oil  vacuoles  were  extensive,  most  often  located  near 
the  periphery  of  the  splenic  follicles  and  adjacent  to  trabeculae  and  blood 
vessels.  In  several  specimens,  collections  of  oll-contalnlng  vacuoles  were 
seen  beneath  the  endothelium  of  large  veins.  Although  It  was  unclear  whether 
the  large  droplets  (100  y In  diameter)  were  Intra-  or  extracellular,  the 
smaller  droplets  were  definitely  within  macrophages. 

Hepatic  collections  of  oll-fllled  vacuoles  were  mostly  limited  to  the 
portal  triads  and  areas  of  scarring,  with  a few  Instances  of  collections 
In  the  hepatic  parenchyma  (87). 

Chemical  determinations  revealed  mineral  oil  levels  of  0.11-4.1  mg  per 
gram  of  liver  and  0.14-4.5  mg  per  gram  of  spleen.  In  25  cadavers  In  which 
both  the  liver  and  spleen  could  be  examined,  there  was  good  correlation 
between  the  liver  and  spleen  mineral  oil  content  per  gram  of  tissue  (87) . 

The  liver  and  spleen  oil  content  was  concluded  to  be  due  to  drainage  of 
the  abdominal  lymph  nodes  via  the  hepatic  system  of  lymphatics  (87). 


3.  Metabolism 

Not  much  is  known  about  the  ability  of  the  organism  to  metabolize 
mineral  oil,  consisting  of  branched  and  cyclic  alkanes.  It  is  known  that 
straight  chain  paraffins,  such  as  octadecane,  are  oxidized  to  fatty  acids 
in  rat  intestinal  mucosa.  An  Intestinal  dehydrase  removes  hydrogen  from 
the  1,2-position,  followed  by  oxidation.  The  products  of  the  reaction  were 
recovered  in  intestinal  lymph  (118).  Radioactive  hexadecane  was  found  to 
be  oxidized  in  the  microsomal  fraction  of  guinea  pig  intestinal  mucosa; 
cytochrome  P450  was  Involved  in  the  oxidation,  which  required  NAD,  NADP  and 
glucose-G-phosphate  (120) . Goat  and  rat  liver  homogenates  metabolized  hexa- 
decane, as  did  the  microsomal  fraction  of  mouse  liver.  Mouse  lung  micro- 
somes  were  weak  oxidizers  of  these  paraffins,  and  kidney  microsomes  were 
inactive  (126) , 

The  aromatic  components  of  lubricating  oils  may  be  metabolized  in  the 
liver.  Hepatic  monooxygenases  convert  naphthalene  to  naphthalene-1, 2-oxide, 
which  then  either  spontaneously  isomerlzes  to  1-naphthol,  is  enzymatically 
hydrated  to  a trans-dihydrodiol,  or  conjugates  both  spontaneously  and  by 
enzymatic  catalysis  with  glutathione.  The  conversion  of  polycyclic  aromatic 
hydrocarbons  to  oxides  of  phenanthrene  and  benzanthracene  also  occurs. 
Glutathione  conjugates  are  metabolized  to  mercapturic  acids,  for  urinary 
excretion  (128) . 

In  vitvo  studies  show  that  polycyclic  aromatic  hydrocarbons  are 
metabolized  into  intermediate  K-region  epoxides,  which  are  more  active  car- 
cinogens than  the  parent  compounds  (18).  The  K-region  is  a particularly 
active  site  in  a molecule  having  a high  electron  density,  such  as  the  9,10- 
bond  c phenanthrene.  Microsomal  enz3rmes  convert  phenantnrene , benzo(a)- 
anthracene,  pyrene,  benzo(a)pyrene,  7, 12-dimethyl (a) anthracene  and  3- 
methylcholanthrene  into  Intermediate  arene  oxides  (K-region  epoxides)  which 
are  aromatic  compounds  in  which  a formal  double  bond  has  undergone  epoxida- 
tion. 
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Arene  oxides  of  benzpyrene  were  mutagenic  In  strains  of  Salmonella 
typhimuriim  and  In  Chinese  hamster  V79  cells,  but  the  value  of  mutation 
experiments  In  determining  carcinogenic  activity  of  these  epoxides  was 
considered  to  be  uncertain  (132), 

The  epoxides  are  alkylating  agents  that  bind  with  DNA  and  RNA,  prefer- 
entially to  adenine  and  guanine  binding  sites  (18).  The  covalent  bonding 
of  these  Intermediates  to  Intracellular  macromolecules  provides  a molecular 
basis  for  the  carcinogenicity  of  the  polycyclic  aromatic  hydrocarbons  (128, 
133). 


The  enzyme  (aryl  hydrocarbon  hydroxylase)  which  forms  the  epoxides  Is 
an  Inducible  enzyme,  under  genetic  control.  Differences  In  susceptibility 
to  carcinogenic  effects  of  polycyclic  aromatic  hydrocarbons  In  experimental 
animals  are  highly  correlated  with  the  presence  or  absence  of  this  genetically- 
mediated  ability  to  induce  the  enzyme.  In  human  tissues,  aryl  hydrocarbon 
hydroxylase  activity  has  been  found  to  be  greater  in  smokers  than  in  non- 
smokers,  although  a 70-fold  variation  In  the  activity  of  this  enzyme  was  shown 
In  smokers.  Aryl  hydrocarbon  hydroxylase  Is  found  in  human  skin,  and  the 
possibility  that  skin  cancer  develops  in  oil-exposed  individuals  possessing 
a more  inducible  enzyme  cannot  be  overlooked  (18). 

4.  Excretion 

The  excretion  of  lubricating  oil  which  is  inhaled  or  aspirated  into 
the  lungs  has  not  been  studied.  The  oil  droplets  are  formed  into  paraffinomas 
or  captured  in  macrophages  in  the  process  of  lipoid  pneumonia.  The  pulmonary 
tissue  reaction  to  mineral  oil  is  to  eliminate  it,  by  expectoration  in 
monocytes,  removal  by  lymphatics  or  encystment  by  granulomas  (71).  When 
mineral  oil  is  added  to  the  lung  in  small  quantities  over  long  periods  of 
time,  as  in  chronic  laxative  ingestion  and  aspiration,  it  is  not  eliminated, 
but  rather  it  accumulates  as  large  deposits  of  oil  in  the  lungs  (68), 

In  humans.  Ingestion  of  mineral  oil  leads  to  excretion  of  98%  of  the 
dose,  unchanged  in  the  feces  (28),  In  Ebert’s  rats,  fed  a dose  equivalent 
to  the  human  recotumended  laxative  dose,  more  than  80%  of  the  mineral  oil 
was  excreted  unchanged  in  feces  (130).  Twenty-four  hours  after  the  oral 
dosing  (0,66  ml/kg  of  body  weight  of  trltlated  U.S.P,  mineral  oil),  about 
4,5%  of  the  dose  remained  in  the  alimentary  tract.  By  48  hours,  the  amount 
of  mineral  oil  remaining  in  the  animal  was  about  1%,  of  which  0.7%  was  in 
the  alimentary  tract.  Of  the  total  dose,  0,1%  remained  in  the  animal  after 
21  days.  Seven  to  8%  of  the  radioactivity  administered  in  the  single  0.66 
ml/kg  dose  was  excreted  in  the  urine  during  the  week  following  administration, 
and  in  the  next  week  an  additional  1-2%  was  collected.  Less  than  2%  of  the 
total  urine  radioactivity  was  extractable  by  toluene  (mineral  oil)  - the 
amount  of  tritrated  mineral  oil  in  the  urine  varied  between  0.3  and  2,5 
Ug/day  (0.3-2, 5 x 10“^%  of  the  dose  administered).  The  kidney  was  therefore 
only  able  to  excrete  trace  quantities  of  the  administered  mineral  oil,  al- 
though the  mineral  oil  was  clearly  demonstrated  by  chemical  analysis  of 
kidney  homogenates  ( 130)  . 
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VI.  OCCUPATIONAL  HEALTH  AND  SAFETY  PRACTICES  AND  STANDARDS 

The  untoward  effects  of  occupational  exposure  to  SGF  No.  1 fogs  are 
largely  unknown.  Industrial  practices  are  geared  toward  avoidance  of  exposure 
as  a safeguard  against  dermatitis,  since  this  has  been  the  prevailing  toxi- 
cological manifestation  after  occupational  exposure  to  diesel  fuel,  heating 
oils  and  kerosene. 

SGF  No.  2,  the  lubricating  oil  fog,  seems  more  dangerous  due  to  Its 
documented  carcinogenicity  for  the  skin  of  humans  and  animals.  Pulmonary 
toxicity  and  carcinogenicity  are  not  completely  agreed  upon  in  the  current 
literature.  In  Industrial  practices,  a limiting  concentration 
for  oil  mist  In  workroom  air  has  been  established,  and  substitution  of  less 
carcinogenic  oils  may  be  practiced. 

The  two  types  of  fog  oil,  SGF  No.  1 and  SGF  No.  2,  will  be  discussed 
separately  In  the  remainder  of  this  chapter. 

A.  SGF  No.  1 

Certain  precautions  for  limiting  exposure  are  reviewed.  As  new  experi'i- 
mental  data  becomes  available,  appropriate  revisions  should  be  considered. 

1.  Standards 

No  standards  for  regulating  occupational  exposure  to  fogs,  smokes, 
mists  or  fumes  of  middle  distillate  fuels  (diesel  fuel,  fuel  oil,  kerosene) 
have  been  established  to  date. 

2.  Protective  Measures 

In  fogging  operations,  Inhalation  of  aerosol  droplets  of  SGF  No.  1 may 
be  controlled  by  protective  field  masks  utilizing  activated  charcoal  fil- 
ters, such  as  MIL-M-50079E(MU)  0-34).  The  fog  concentration  in  the  atmosphere, 
the  amount  of  generator  exhaust  coutalned  In  the  fog  and  the  degree  of 
thermal  decomposition  of  the  oil  droplets  making  up  the  fog  are  unknown,  as 
previously  discussed  in  this  report. 

Control  of  skin  contact  with  these  fuels  through  the  use  of  protective 
skin  pastes  or  barrier  creams,  which  may  prevent  absorption  of  the  fuel,  is 
recommended  where  occupational  exposure  to  the  liquid  Is  a problem.  Rao  ($0 ) 
described  a silicone  oil  ointment  which  was  found  to  be  effective  in  con- 
trolling dermatitis,  and  was  soothing  and  without  untoward  systemic  effects. 

II ’in  et  al.  recommended  the  application  of  protective  barrier  creams  prior 
to  exposure,  and  the  use  of  cleansing  pastes  at  the  end  of  the  workday. 
Acceptable  cleansers  included:  soap  and  lanolin;  Industrial  or  liquid  soap; 
and  lukewarm  0.25-0.5%  ammonia  solution  (42). 

Skin  softeners  may  control  the  severity  of  dermatitis  by  helping  to 
prevejut  abscess  formation  (42).  A solution  of  equal  parts  of  ethyl  alcohol, 
glycerine,  ammonia  and  water,  and  0.5%  chloramine  In  water  was  recommended. 
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Mechanical  barriers,  such  as  gloves  and  aprons,  may  be  useful  If  they 
do  not  Interfere  with  performance.  Some  authors  maintain  that  the  use  of 
gloves  contributes  to  sloppy  personal  hygiene,  and  that  only  scrupulous 
cleanliness  and  prophylactic  measures  can  effectively  control  exposure  to 
these  fuels  (49,  50).  Others  highly  recommend  protective  clothing  where 
practical  (41,  135). 

3.  Medical  Surveillance 

Constitutional  factors  play  an  Important  role  In  Individual  suscepti- 
bility to  Irritation  of  the  skin  or  mucous  membranes.  Dry,  senile  skin  Is 
sensitive  to  agents  which  may  cause  dermatitis.  The  skin  of  Caucasians  Is 
more  sensitive  to  chemical  Irritants  than  the  skin  of  Blacks  (22) . Some 
Individuals  may  be  occupationally  exposed  for  years  before  developing  der- 
matitis to  these  fuels. 

Screening  of  all  Individuals  prior  to  assignment  to  tasks  In  which 
they  will  be  exposed  to  S6F  No*  1 smoke  Is  necessary  In  order  to  exclude 
persons  with  the  following  conditions:  organic  disease  of  the  heart, 
lungs,  kidneys  or  liver;  history  of  allergy  to  hydrocarbons;  chronic  skin 
disease;  hematologic  abnormalities;  and  possibly  a history  of  benzene  In- 
toxication. Gerarde  (8)  states  that  exposure  to  aromatic  hydrocarbons 
or  mixtures  containing  them  must  be  avoided  by  these  Individuals. 

Periodical  medical  examinations  are  essential  for  the  early  detec- 
tion of  dermatitis  as  well  as  possible  Inhalation  effects  of  SGF  No.  1 
smoke.  Documentation  of  exposure  effects  Is  necessary,  in  view  of  the 
limited  information  which  now  exists  in  this  area. 

4.  Control  Measures 

In  conditions  where  It  is  Impossible  to  prevent  exposure,  personnel 
must  be  educated  in  the  use  of  protective  skin  creams  and  clothing,  the 
use  of  proper  cleansers  after  exposure  and  the  Importance  of  cleanliness 
of  work  clothes.  Early  recognition  of  symptoms  of  respiratory,  skin 
and  other  untoward  reactions  Is  essential,  and  requires  periodical  medi- 
cal surveillance.  Enforcement  of  safety  and  cleanliness  regulations  Is 
equally  essential. 

Intravehlcular  exposures  can  be  minimized  by  the  use  of  activated 
charcoal  filtering  masks,  or  by  filters  covering  ventilation  Intake  ports. 
Precautions  to  exclude  unfiltered  air  and  smoke  from  the  smoke-generating 
vehicle  cabin,  such  as  keeping  windows  closed,  are  necessary. 

B.  SGF  No.  2 

What  clearly  emerges  after  examining  the  epidemiology  and  toxicology  of 
exposure  to  lubricating  oil  mist  and  oil,  especially  In  Industry,  Is  the  car- 
cinogenic activity  of  oil  components  for  the  skin  of  animals  and  men.  Falk 
summarized  the  situation  In  stating  that  the  cancers  most  easily  produced 
with  polycyclic  aromatic  hydrocarbons  found  in  unrefined  lubricating  oils.  In 
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experimental  species,  have  been  squamous  cell  carcinomas,  and  the  most  frequent 
cancer  observed  In  humans  In  association  with  occupational  exposure  to  the 
oils  In  skin  cancer.  The  difficulty  In  Inducing  pulmonary  cancer  In  experi- 
mental animals,  with  polycyclic  aromatic  hydrocarbons,  may  reflect  the  low 
Incidence  of  occupational  lung  cancer.  Effective  physiologic  defenses  are 
at  work,  possibly  to  prevent  Initiation  of  carcinogenic  processes  (66). 

Standards  for  oil  mist  exposure,  and  methods  of  protection  of  military 
personnel  are  presented. 

1.  Standards 

The  U.S.  Occupational  Safety  and  Health  Administration  standard  for  ex- 
posure to  oil  mist  In  the  air  of  Industrial  workplaces  Is  5 mg/m^  (8  hr  time- 
weighted  average}  (136) . 

According  to  reports  of  newspaper  printing  rooms,  the  oil  mist  was  con- 
sidered more  of  a nuisance  than  a health  hazard.  The  workers  wore  white 
paper  hats  to  protect  their  hair  from  the  oil  mist,  and  they  were  accustomed 
to  blowing  their  noses  Into  facial  tissues  which  were  stained  black  from  the 
oil  mist  (mineral  oil  with  suspended  carbon  blacks;  newspaper  Ink)  deposits 
In  their  noses.  There  had  only  been  one  compensation  claim  for  a man  with 
asthma  of  44  years  duration,  and  whose  onset  of  asthma  had  occurred  at  age 
14,  prior  to  his  employment  In  the  newspaper  printing  occupation  (24). 

Hendricks  also  reported  that,  according  to  the  Detroit  Bureau  of  Indus- 
trial Hygiene,  air  sampling  In  plants  had  been  prompted  by  worker  complaints 
due  to  discomfort,  but  not  due  to  health  considerations.  Ho  lung  difficulties 
In  this  sample  of  workers  could  be  attributed  to  oil  mist  exposure.  At  oil 
mist  concentrations  in  workroom  air  below  5 mg/m^  there  are  few  complaints 
among  workers,  while  above  5 mg/m^,  the  oil  mist  becomes  visible  in  the  air 
and  discomfort  Is  reported  (57). 

It  is  obvious  that  in  fogging  operations  where  SGF  No.  2 is  used,  the 
intentionally  dense  oil  mist  which  is  kept  hovering  over  entire  armies  must 
achieve  atmospheric  concentrations  far  greater  than  5 mg/m^.  However,  actual 
concentrations  have  not  been  reported  In  the  available  literature. 

2.  Protective  Measures 

Two  ways  to  deal  with  the  need  to  protect  military  personnel  from  cancer 
are  avoidance  of  exposure,  and  removal  of  carcinogens  from  the  oils  with  which 
these  people  must  come  Into  contact. 

a.  oil  refining 

Removal  of  polycyclic  aromatic  hydrocarbons  from  lubricating  oils  which 
are  destined  to  be  used  In  situations  involving  human  exposure.  Is  the  most 
recommended  and  safest  method  of  protecting  humans  from  cancers  due  to  oil 
exposure  (18,  20,  59,  60,  62,  66,  76). 
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Originally,  It  was  believed  that  sulfuric  acid  destroyed  the  carcinogenic 
substances  In  lubricating  oil,  e.g.,  benzo (a) pyrene.  Then  It  was  found  that 
surfurlc  acid  removed,  rather  than  destroyed  this  chemical.  Sulfuric  acid 
treated  oils  were  still  carcinogenic  In  animals  (62)  and  In  humans  (53,  63), 
especially  In  the  Birmingham,  England  factories. 

It  has  been  possible  to  remove  polycyclic  aromatic  hydrocarbons  from 
lubricating  oils,  using  extraction  procedures  with  furfural,  cresol  or  phenol 
(18,  62,  66),  Solvent  extraction  creates  a white  oil,  SOF  No.  2,  being 
straw  colored  (31),  la  probably  not  completely  devoid  of  these  carcinogenic 
aromatic  compounds. 

Some  researchers  have  suggested  the  establishment  of  a threshold  value 
for  polycyclic  aromatic  hydrocarbons  In  refined  lubricating  oils  Intended  for 
use  In  industry  where  occupational  exposure  Is  encountered  (20). 

However,  according  to  Kipling,  1976,  tests  which  might  determine  the  total 
aromatic  hydrocarbon  content  of  oils  or  the  concentration  of  rilngle  carcino- 
genic hydrocarbons  are  not  reliable  (18).  Estimation  of  benzu (a) pyrene  has  been 
accomplished  with  ultraviolet  absorption,  but  the  method  Is  not  sufficiently 
accurate  to  be  of  value  for  routine  work.  Separation  and  X-ray  fluorescence 
Is  another  method  (29).  Until  a simple  and  reliable  test  becomes  generally 
available,  there  Is  no  easy  means  of  determining  the  polycyclic  aromatic  hydro- 
carbon concentration  of  solvent  refined  lubricating  oils  (18), 

For  medicinal  mineral  oil,  sulfonation  and  processing  are  used  for  ex- 
traction of  aromatic  amines  and  unsaturated  hydrocarbons  from  the  finished 
product.  This  degree  of  purity  Is  evidenced  by  absence  of  fluorescence  under 
ultraviolet  light  (83),  U.S.P,  standards  for  medicinal  mineral  oil  are  dis- 
cussed under  Physical  and  Chemical  Properties, 

b,  avoidance  of  exposure 


In  Industry,  protective  aprons,  hats,  overalls,  gloves,  etc.  are  some- 
times provided,  or  else  suggested  to  reduce  the  amount  of  oil  contact  of  the 
worker's  skin  (18,  60,  76), 

The  use  of  akin  cleansers  after  exposure  to  lubricating  oils  is  encouraged, 
and  the  Importance  of  washing  off  the  oil  Is  undisputed  (18,  66,  75),  However, 
in  a 1952  study  using  fluorescent  oils,  28  varieties  of  cleansers,  including 
household  and  Industrial  soaps,  detergents  and  fonr-'.las,  were  found  to  be 
Ineffective  in  removl%g  all  of  the  oil  from  the  skin  of  human  volunteers. 

After  applying  the  fluorescent  oil,  and  washing  with  the  cleansers,  the  skin 
still  fluoresced  in  the  area  on  which  oil  had  been  applied  (64) , 

Protective  lotions  and  other  formulations,  when  applied  to  the  skin  prior 
to  exposure,  may  reduce  the  occurrence  of  dermatitis  in  individuals  with  sensi- 
tive skin.  However,  one  author's  opinion  is  notable.  Eckhardt  emphasized 
the  positive  value  of  a soap  and  water  wash,  stating  that  protective  creams 
have  no  demonstrated  value  against  carcinogenic  agents,  but  they  have  a psycho- 
logical effect  in  that  they  encourage  the  Individual  to  wash  after  work  (18). 
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3.  Medical  Surveillance 


In  Industry,  regular  medical  examinations  - every  6 months  - should  be 
required,  due  to  the  cancer  risk  of  occupational  exposure  to  unrefined  lubri- 
cating oils  (13,  60). 

In  addition,  workers  should  be  Instructed  on  methods  of  self  examination 
of  the  skin  and  scrotum,  and  skin  changes  should  be  reported  to  plant  health 
supervisors,  so  that  early  premallgnant  conditions  can  be  Immediately  dealt 
with  (18,  60). 

Regardaess  of  the  length  of  exposure  to  SGF  No.  2 oil  smoke,  all  Involved 
personnel  s)iould  be  checked  for  respiratory  and  skin  conditions  which  could 
develop,  and  adequate  medical  documentation  of  adverse  effects  should  be 
undertaken-, 

In  view  of  the  fact  that  about  thirty  years  have  passed  since  the  smoke 
screening  operations  of  World  War  II,  In  Anzlo,  Northern  Europe  and  other 
locations,  armed  forces  personnel  Involved  In  that  exposure  should  be  traced 
In  order  to  assess  morbidity  and  mortality  trends,  especially  with  respect 
to  cancer  mortality. 
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VII.  METHODS  OF  SAMPLING  AND  ANALYSIS 

Because  of  the  differences  In  physical  and  chemical  properties  between 
fuels  (SGF  NO.  1)  and  lubricants  (SG!’  No,  2),  collection  and  analytic  tech- 
niques may  also  vary.  The  two  types  of  fog  oil,  SGF  No.  1 and  SGF  No.  2, 
will  therefore  be  reviewed  separately  In  this  chapter. 

A.  SGF  No.  1 

Sampling  In  air,  and  analysis  In  biologic  media  are  given  for  middle 
distillate  fuels  and  their  fogs.  These  methods  should  be  applicable  to 
SGF  No.  1 

1.  Atmospheric  sampling 

A Mine  Safety  Appliances  60-25  Electrostatic  Sampler  was  used,  oper- 
ating at  18  1/mln  for  30  min;  before  and  after  the  sampling  period  the 
precipitator  tube  was  weighed  to  determine  the  weight  of  material  col- 
lected (105) . 

A special  grade  of  paper  (S  & S 2045  BM)  was  used  to  absorb  the  hydro- 
carbon droplets  In  the  air  drawn  through  It  (137). 

An  acidic  potassium  dlchromate  solution  was  used  to  bathe  the  sample, 
but  It  was  not  clear  If  vapors  only,  or  also  aerosols,  would  be  absorbed 
(138).  Vapors  would  Interfere  with  aerosol  determination. 

Fiberglass  filter  paper  was  used  to  adsorb  the  droplets  from  the  sam- 
ple; portable  apparatus,  for  personal  use,  was  as  suitable  as  larger  equip- 
ment Intended  for  room  averaging.  At  an  expected  value  of  5 mg/m^,  the 
air  Is  drawn  at  2 1/min  for  10  min  through  a 25  or  37  mm  filter  for 
personal  sampling  - 100  min  for  0.5  mg/m^  (139). 

2.  Analysis  of  air  samples 

A microscope-photometer  arrangement  was  used  to  determine  Increase 
In  translucence  of  chromatographic  grade  paper  through  which  the  sample 
had  been  drawn  (137 ) . 

Ol’khovskaya  (138)  measured  the  change  In  color  of  a 0.01%  solution 
of  potassium  dlchromate  In  concentrated  sulfuric  acid  (through  which  the 
sample  had  been  drawn);  sensitivity  was  20  ug/3  ml  reagent  for  kerosene 
when  a 1.5-1  air  sample  was  used;  wavelength  monitored  was  not  given. 

The  Institute  of  Petroleum  Occupational  Hygiene  Subcommittee  (139) 
review  of  accepted  methods  only  commented  on  one  sampling  technique,  but 
discussed  three  ways  of  determining  amount  collected.  A gravimetric 
method  Involved  solvent  extraction  of  the  filter,  evaporation  and  weigh- 
ing; Its  sensitivity  was  0.1  mg.  A drawback  was  possible  loss  of  vola- 
tiles during  the  solvent  removal  step.  Extraction  of  the  filter  and 
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measurement  of  the  UV  absorbance  at  200~300  nm  was  useful  if  a known  was 
available  to  prepare  a calibration  curve;  the  sensitivity  was  0.1  mg  when 
the  curve  had  unit  slope.  Alternatively,  the  IR  absorbance  of  the  extract 
in  the  3.4  m region  could  be  checked  against  a standard;  sensitivity  was 
O.OS  mg. 

3.  Biologic  media 

A technique  for  blood  kerosene  Is  suitable  when  an  original  sample  Is 
available  to  calibrate  the  method.  Five  ml  of  blood  Is  hemolyaed  In  dilute 
hydrochloric  acid,  then  extracted  with  carbon  tetrachloride.  The  extract 
Is  mixed  with  a formaldehyde-sulfuric  acid  reagent  (which  reacts  with 
aromatics)  and  the  color  produced  measured  at  490  nm  In  a colorimeter. 

The  method  was  good  to  a lower  limit  of  10  ppm  when  14%  aromatics  were 
present  (140). 

B.  SGF  No.  2 

Atmospheric  sampling  methods  are  designed  either  to  simply  collect  or 
collect  and  classify  lubricating  oil  mists  according  to  droplet  size.  After 
sampling,  the  collected  oil  can  be  weighed,  or  weight  can  be  determined  in- 
directly by  spectrometric  or  chemical  procedures.  Mineral  oils  can  be  de- 
termined In  biologic  samples  after  differentiation  from  animal  and  vegetable 
fats  and  oils. 

1 . Atmospheric  sampling 

Electrostatic  precipitators,  inertial  separators  (compactors  and  im- 
plngers),  gas  washing  bottles,  evacuated  gas  pipettes,  and  filter  media  are 
discussed. 

a.  electrostatic  precipitator  tubes 

This  device  draws  a given  volume  of  air  per  minute  Into  an  electrically 
charged  collection  tube.  Wagner  et  al.  (27,  105)  used  a collection  rate  of 
8.2  liters  per  minute  for  15  minutes.  Concentrations  less  than  1 mg/m^ 
were  sampled  efficiently,  although  a large  sample  was  needed  for  accuracy. 

The  maximum  quantity  of  sample  was  limited  to  20  mg  to  prevent  loss  of  the 
sample  by  dripping  of  collected  oil  from  the  tube.  Laboratory  tests  of 
precipitator  efficiency,  while  incomplete.  Indicated  that  efficiency  was  ade- 
quate at  air  flows  up  to  325  liters  per  minute  at  a collecting  potential  of 
11  kilovolts.  A weight  change  of  1 mg  or  more  was  sufficient  to  provide 
acceptable  accuracy  for  low  oil  mist  concentrations  (61) . 

b.  filter  media 

Oil  is  collected  by  drawing  a given  volume  of  air  per  minute  through  a 
conditioned  preweighed  filter  which  captures  the  aeroso"!  particles.  Glass 
fiber  filters  were  preferred  to  paper  filters  such  as  Wl.atman  No.  41  or 
Knowlton  grade  100  (57).  Hervin  and  Lucas  (55)  collected  workroom  air  on 
preweighed  Gelman  Tj^e  A (no  organic  binder)  glass  filters.  Ely  used  a 


BM~2133  filter  with  a hlgh—volume  air  pump  (74),  Glass  fiber  filters  require 
a large  air  sample  for  accuracy.  A sampling  rate  of  15-25  liters  per  minute 
or  less  was  recommended  for  a 1-lnch  glass  filter  (61).  Cellulose  ester 
filters  were  not  recommended  because  they  tended  to  clog  with  oil  too  rapidly 
and  presented  difficulties  in  obtaining  reproducible  tare  weights  (61),  Glass 
fiber  filters  were  used  to  detect  atmospheric  oil  aerosol  concentrations  leas 
than  i mg/m^,  GF/A  Whatman  glass  fiber  filters  do  not  collect  vapors,  according 
to  Turner  et  al.  (139),  who  used  a samplit^g  rate  of  5-30  liters  per  minute  with  a 
commercial  air  pump.  Personal  sampler  pumps  usually  operate  at  2 liters  per 
minute.  Where  oil  mist  concentrations  are  low  (1  mg/rtr)  Turner  recommended 
operating  general  and  personal  samplers  for  not  less  than  1 hour,  although 
higher  oil  mist  concentrations  can  generally  be  measured  in  leas  time,  e.g. 

10  mg/m^  concentrations  can  be  sampled  in  1 minute  at  10  liters  per  minute  and 
in  5 minutes  at  a rate  of  2 liters  per  minute.  Other  satisfactory  filter 
materials  have  been  reported  (74,  141,  142), 

c.  inertial  separators 

Cascade  impactors  and  cyclone  implngers  collect  and  classify  oil  parti- 
cles by  their  diameter.  Goldstein  (24)  used  this  method  to  collect  oil  mists 
in  newspaper  pressrooms.  Shoshkes  (69)  used  the  cascade  impactor,  with  dry 
film  slides,  in  conjunction  with  an  air  flow  rate  of  17,5  liters  per  minute, 
and  backed  by  2 glass  wool  filters.  No  detectable  oil  was  found  in  the  second 
filter.  The  cascade  impactors  require  a collecting  surface  which  can  hold 
1 mg  or  more  of  liquid,  A flow  of  20  liters  per  minute  was  a practical  maximum 
rate  for  commercial  impactors,  with  a minimum  sampling  time  of  30-60  minutes. 
Disadvantages  of  cascade  impactors  include  the  possibility  of  significant  loss 
of  oil  to  the  walls  of  the  device,  of  coalescence  of  droplets  and  the  necessity 
of  long  sampling  times  (61),  Hendricks  used  a methyl  ethyl  ketone  collection 
medium  in  a midget  (personal)  impinger  (57), 

d.  gas  washing  bottles 

In  this  method,  a pump  draws  air  at  1 liter  per  minute  into  gas  washing 
bottles  containing  a solvent — tetrachloroethylene  (54)  or  spectrograde  carbon 
tetrachloride  (74).  In  the  former  setup,  three  bottles  were  connected  in 
series,  and  20  liters  of  air  v.ere  sampled,  the  sensitivity  being  10  mg  of  oil 
per  m^  of  air, 

e.  evacuated  gas  pipettes 

This  method  does  not  exclude  sampling  of  vapors  of  oil  or  other  organic 
substances  present  in  workroom  air,  Thete  substances  would  falsify  the 
determination  of  concentration  (142), 

f.  chromatographic  grade  paper 

Air  containing  oil  mist  was  drawn  through  chromatographic  grade  filter 
paper.  A microscope-photometer  arrangement  was  then  used  to  determine  the 
increase  in  translucency  of  the  paper  containing  the  oil.  The  room  air  oil 
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mist  concentration  was  determined  from  the  degree  of  translucency  (137) . 

The  sensitivity  of  this  method  was  not  reported. 

2.  Analysis  of  air  samples 

a.  gravimetry 

The  method  consists  of  drawing  air  at  a well  defined  rate  through  a 
pre-welghed  filter  and  recording  the  weight  gain  after  a measured  volume 
of  air  has  been  sampled.  The  oil  may  be  extracted  from  the  filter  with 
a low>«boiliag  solvent*  followed  by  drying  and  weighing  (57*  74*  105,  139). 
Using  Gelman  Type  A filters,  the  minimum  gravlmetrlcally  detectable  level 
was  0*1  mg  of  oil  (55). 

b.  ultraviolet  absorption 

Oil  was  extracted  from  the  collecting  filter  using  a low  boiling  solvent. 
The  extract  was  placed  In  a 40  mm  pathlength  silica  cell,  and  ultraviolet 
absorbance  was  read  at  300-200  nm.  Peak  absorbance  of  the  extract  was  com- 
pared with  a calibration  curve  to  determine  the  weight  of  oil  collected.  Oil 
content  as  low  as  0.1  mg  was  readily  detected  by  this  mothod,  and  there  was 
excellent  correlation  between  the  gravimetric  and  ultraviolet  determination 
(139'>. 


c.  Infrared  absorption 

Oil  concentration  was  measured  by  Infrared  absorption  by  transferring 
a solvent  extracted  oil  sample  to  4 cm  cuvettes,  and  using  a double  beam 
Infrared  spectrophotometer  In  the  3.4  nm  region  to  measure  C-H  stretching 
bands.  The  results  were  compared  with  blank  determinations  and  with  a carbon 
tetrachloride  comparltor  cell.  The  absolute  sensitivity  of  this  method  was 
0.05  mg  of  oil (139).  Hervin  and  Lucas  (55)  reported  a minimum  detection 
level  of  0.001  mg  tor  mineral  oil  mists. 

Using  tetrachloroethylene  as  a solvent,  samples  obtained  from  gas  wash- 
ing bottles  were  determined  to  a sensitivity  of  0.2  mg  of  oil,  using  10  mm- 
thickness  cuvettes.  Extinction  was  linear  in  the  range  of  1-10  mg  of  oil 
per  25  ml  of  tetrachloroethylene,  and  values  falling  outside  the  curve  were 
extrapolated  (54) . 

d.  colorimetry 

The  sample  was  extracted  with  carbon  tetrachloride  from  film  slides  and 
glass  wool  filters  (from  cascade  Impactor  sampling).  Calco  Oil  Blue  2A 
dye  was  dissolved  to  saturation  In  the  oil  samples  and  the  concentration 
of  dissolved  dye  was  read  In  a spectrophotometer.  A known  quantity  of 
dyed  oil  dissolved  In  carbon  tetrachloride  was  used  as  a standard  (69). 

e.  emulsion  method 

Oil  collected  on  filters  and  In  evacuated  gas  pipettes  was  diluted  in 
glacial  acetic  acid  and  water,  forming  an  emulsion,  from  which  the  quantity 


of  oil  was  determined.  Sensitivity  was  0.05  mg  in  a 5 ml  sample  volume  for 
most  mineral  oils  (142). 


f.  calculation  of  oil  mist  concentration 


Concentration  of  oil  mist 


mg  oil  found  x 1000  , 3 

liters  of  air  sampled  ° 


This  equation  converts  the  weight  of  oil  determined  in  the  oil  sample 
into  units  used  in  industrial  limiting  standards,  namely  milligrams  of 
oil  per  cubic  meter  of  air  ( 139) . 

3*  Sampling  mcchods  for  determination  of  droplet  size 

a.  sampling  for  optical  microscope 

In  one  animal  study,  particle  size  was  determined  using  a glass  micro- 
scope slide  placed  on  the  floor  of  an  animal  exposure  chamber  for  a few 
minutes  to  obtain  a sample  of  droplets  by  settling.  It  was  necessary  to 
cover  the  slide  with  5 layers  of  monomolecular  films  of  barium  stearate  to 
prevent  the  drops  from  spreading  over  the  surface  of  the  slide  into  a continuous 
film  of  oil  (14;^. 


Settling  methods,  however,  were  considered  unacceptable  because  only  the 
larger  diameter  droplets  are  deposited  while  the  smaller  ones  remain  airborne 
(57),  Collection  was  more  accurately  accomplished  by  mounting  a glass  slide 
onto  the  head  of  an  electrostatic  precipitator  (27,  57,  61),  A thermal 
precipitator  was  used  in  conjunction  with  glass  slides  (61) , The  concentration 
of  the  sample  must  be  small  enough  that  the  droplets  do  not  run  together  or 
spread  into  a film  (61), 

After  the  microscopic  slide  collection,  particle  diameters  were  measured 
with  e micrometer  (61),  or  an  eyepiece  graticule  in  a bright  field  microscope 
equipped  with  a lOX  eyepiece  and  a 43X  objective  (27,  105),  If  microscopic 
sizing  can  be  done  within  2 hours  of  sampling,  and  when  more  samples  can  be 
taken  if  the  first  proves  unsatisfactory,  microscopic  examination  can  give 
information  regarding  the  nature  of  particulates  other  than  oil  which  may  be 
present  in  the  air  sample.  But  even  with  such  non-volatile  oils  as  U.S.P. 
light  mineral  oil,  a sample  will  evaporate  from  the  slide  if  it  is  left  standing 
for  a long  time  (1  1/2  hours).  With  optical  microscopic  size  determination, 
small  droplets  are  often  difficult  to  resolve,  while  large  droplets  tend  to 
spread  out  on  the  slide  (61) . 

In  one  study,  glass  slides  were  photographed  under  the  microscope  immed- 
iately after  sampling,  and  the  photographs  were  used  to  measure  diameters. 
Particles  with  diameters  greater  than  1 p could  be  detected  (54). 

b,  photometry 

Rapid  automatic  single  particle  sizing  light-scattering  photometers  aT-e, 
in  Ayer*s  opinion,  the  only  fast  and  convenient  method  for  determining 
droplet  size.  Droplets  are  sized  and  counted  while  airborne,  and  the  droplets 
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are  directly  comparable  to  spheres  with  which  the  Instrument  is  calibrated. 
The  limitation  on  maximum  concentration  is  3500  droplets  per  ml  which  are 
greater  than  0.3  u in  diameter  (61),  Wagner  determined  particle  else  with 
the  aerosol  photometer,  and  confirmed  the  results  with  a microscopic  optical 
method  (105). 


c.  inertial  separators 

Both  the  cascade  Impactor  and  cyclone  Implnger  collect  and  classify  oil 
droplets  by  their  diameters  (61).  Disadvantages  Include  the  possibility 
of  significant  wall  losses,  of  coalescence  of  droplets  in  the  sampler  and 
the  necessity  of  long  sampling  times  (61).  Miniature  cyclone  pre~samplers 
(personal  models)  tended  to  retain  particles  larger  than  an  empirically  deter- 
mined sise  which  is  dependent  upon  air  flow  rate  and  the  properties  of  the 
material  being  collected.  These  devices  allow  passage  of  smaller  particles 
to  a second  stage  filter.  By  rmnovlng  larger  droplets,  it  is  possible  to 
estimate  the  amount  of  material  which  might  be  expected  to  penetrate  deep  into 
the  lungs  (61). 


Cascade  Impactors  require  a collecting  surface  which  can  hold  1 mg  or 
more  of  liquid.  A practical  maximal  flow  rate  of  20  liters  per  minute  for  a 
mlnimiun  of  30-60  minutes  was  recommended  for  cooanercial  impactors  (61). 

d.  the  Millikan  oil  drop  apparatus 


Oil  droplet  slse  was  measured  using  Millikan  oil  drop  apparatus,  in  which 
the  rate  of  fall  of  droplets  in  the  air  was  determined,  and  the  droplet  radius 
was  then  calculated  using  the  formula: 


9.111 


i(l 


0.09 


where  r radius  of  oil  droplet  in  microns, 
in  cm/ see,  and  e « density  of  the  oil.  The 
Cunningham-Mllllkan  correction  which  should 
10“**  cm  (lOA). 


V ■ rate  of  fall  of  the  droplet 
factor  1 + resulted  from  the 
be  used  for  droplets  smaller  than 


4«  Biologic  media 


Histochemical  staining  techniques  are  useful  in  the  detection  of  medicinal 
mineral  oil  (100%  saturated  hydrocarbons)  and  possibly  lubricating  oil  in  sputum 
and  pulmonary  tissue  samples;  the  applicability  of  these  methods  lies  in  the 
diagnosis  of  pneumonia  due  to  ingestion  and  aspiration  of  mineral  oils.  Analy- 
tic methods  for  lipid  extracts  in  biologic  tissues  are  often  not  specific  for 
mineral  oil,  with  the  exception  of  column  and  thin-layer  chromatography.  Thin 
layer  chromatography  has  also  been  used  in  the  detection  of  mineral  oil  adul- 
terants in  edible  cooking  oil. 


a.  hlstochemical  stains 


Specific  identification  of  mineral  oil  in  tissues  requires  the  isolation 
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and  structural  characterliatlon  of  the  saturated  hydrocarbons  in  the  tissue. 
Mere  demonstration  of  the  presence  of  large  amounts  of  saturated  hydrocarbons 
in  tissues  is,  ho'^ver,  sufficient  proof  of  the  presence  of  mineral  oil  in 
most  cases,  because  endogenous  lipids  can  be  excluded  by  virtue  of  their 
unsaturated  hydrocarbon  content,  as  can  fats  and  oils  in  food  products  (B6). 

In  tissues  containing  readily  tnicrosoplcally  visible  oil  droplets,  a 
dye  which  stains  mos^t  oily  or  fatty  substances  can  be  applied  to  the  fixed 
tissue.  Oil  red  0,  Sudan  III  and  Sudan  IV  all  stain  oil  droplets  red  or 
orange  (68,  79,  82,  88,  104).  Mineral  oil  tends  to  stain  less  intensely 
than  other  lipids  (86).  If  further  differentiation  is  desired,  a second 
step  is  added.  A dye  is  applied  which  stains  most  tissue  lipids  but  does 
not  stain  mineral  oil.  Osmic  acid  (68),  osmium  tetroxide  or  Sudan  Black  B 
(86)  will  stain  unsaturated  lipids  black,  while  saturated  oil  droplets  remain 
red.  However,  failure  to  stain  is  not  unique  to  saturated  hydrocarbons. 
Another  drawback  is  that  positive  staining  with  osmium  does  not  rule  out  the 
presence  of  saturated  hydrocarbons  (86). 

Mineral  oil  and  motor  oil  droplets  larger  than  1-2  vt  in  diameter  were 
visualised  as  light  gray,  translucent  droplets  against  a dark  background 
of  lung  parenchyma,  after  staining  the  slide  with  osmic  acid  alone  (69). 

Sudan  Black  B alone  stained  mineral  oil  faintly  violet,  while  heavily 
staining  most  other  tissue  lipids  (86).  Clear  oil  droplets  smaller  than 
1 p in  diameter  could  not  be  detected  (69). 

Casey  (82)  demonstrated  oil  in  pulmonary  tissue  from  a case  of  lipid 
pneumonia  by  the  Sudan  IV  stain.  Cross-prism  microscopy  and  special  stains 
(not  identified  or  described)  indicated  that  the  material  was  mineral  oil 
and  not  of  animal  or  vegetable  origin. 

Sputum  lipid  analysis  can  be  useful  in  diagnosing  mineral  oil  pneumonia 
(70,  79,  88).  Sudan  III  is  not  specific,  due  to  interference  from  fat  in 
food  piirticles  in  the  sputum.  Microscopic  lipid  is  also  present  in  the 
sputum  of  healthy  individuals,  predominantly  embedded  in  mucin  (79). 

b.  extraction  of  oil 

Unfixed  fresh  or  froxon  tissue  was  saponified  with  a solution  of  KOH, 
water  and  isopropanol.  The  upper  phase  of  the  resulting  two-phase  system 
was  dried,  and  saturated  hydrocarbons  were  separated  from  other  lipids  by 
column  chromatography,  using  molecular  sieve  adsorption  with  crystalline 
seolltes  to  retain  n-alkanes  and  exclude  branched  and  cyclic  alkanes  (87). 

Lipid  extraction  from  tissues  can  also  be  accomplished  in  chlorofornv- 
raethanol,  2:1  (86). 

c.  analysis  of  oil  extracts 

Analytic  methods  for  lipids  extracted  from  biologic  media  are  often  not 
specific  for  saturated  hydrocarbons  (86).  These  techniques  include: 
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1,  Gravimetric  determination  of  non-cholesterol,  non-saponlf lable 
lipids,  and  comparison  with  control  tissue  extracts  - This  method 
can  reveal  excess  saturated  hydrocarbons,  but  it  is  not  specific 
for  mineral  oil  (86), 

2,  Infrared  spectrometry  of  tissue  lipids  - This  method  is  not  specific, 
because  although  mineral  oil  has  a characteristic  absorption  band  at 

727  nm,  other  unsaturates  and  organic  compounds  also  have  this  absorp- 
tion band  (86), 

3,  Ultraviolet  spectrometry  - This  method  is  not  valid,  because  satur- 
ated hydrocarbons  have  no  significant  light  absorption  in  the  ultra- 
violet range.  Ultraviolet  absorption  by  commercial  mineral  oils  must 
be  due  to  the  presence  of  contaminants  (86) , 

4,  Column  chromatography  - Using  this  technique,  a reasonably  specific 
separation  of  saturated  hydrocarbons  from  other  tissue  lipids  can  be 
accomplished  (86), 

5,  Thin-layer  chromatography  - This  is  simpler  and  less  time  consuming 
than  column  chromatography,  and  allows  a roughly  quantitative  isolation 
of  saturated  hydrocarbons  of  mineral  oil  origin  from  biologic  media  (86), 

Lipids  extracted  from  human  tissues  in  chloroform-methanol,  2:1,  were 
applied  in  benzene  onto  20  x 20-cm  glass  plates  with  silica  gel  and  calcium 
sulfate  binder.  As  little  as  0,5  ug  of  saturated  hydrocarbon,  and  up  to 
about  500  yg  could  be  detected,  by  developing  the  plates  (10  cm,  20-30  min) 
with  n-hexane,  spraying  with  50%  H2SO4,  and  charring  in  an  oven  (15  min, 
170‘'C),  This  method  charred  branched  and  cyclic  alkanes  but  not  n-alkanes. 
Another  detection  method  called  for  spraying  the  platos  with  0,025%,  w/v, 
rhodamine-6-G  in  acetone,  air  drying,  spraying  with  0,025%  w/v,  rhodamine-6-G 
in  water,  and  examining  the  wet  plates  under  ultraviolet  light.  All  saturated 
liydrocarbons  were,  dark  or  t rightly  fluorescent  yellow  spots. 

Spot  size  and  intensity  were  proportional  to  the  quantity  of  saturated 
hydrocarbons  applied,  and  quantitative  estimates  were  made  by  comparison  with 
standard  quantities  of  reference  lipids  included  on  the  same  plate  (86), 

Thin-layer  chromatography  of  sputum  lipids  of  patients  presumed  to  be 
suffering  from  mineral  oil  pneumonia  can  be  diagnostic  (79), 

In  one  case  of  mineral  oil  pneumonia,  thin-layer  chromatography  of 
tissue  from  the  lungs  and  hilar  lymph  nodes  showed  a high  concentration  of 
saturated  hydrocarbons  considered  to  be  virtually  specific  for  mineral  oil 
(67), 

5,  Analysis  of  mineral  oil  in  edible  oils 

Adulteration  of  widely  used  vegetable  oils  (castor  oil,  coconut  oil, 
sesame  oil, etc,)  with  inexpensive  mineral  oil  was  detected  by  thin-layer 
chromatography,  in  quantities  up  to  3%  mineral  oil.  Silica  gel  G plates 


(20  X 20~cm,  250-y  layers)  were  dried,  sprayed  with  silver  nitrate  in  aqueous 
ethanol,  redrled,  and  cooled.  Spots  of  oil  samples  in  chloroform  (1%  solu- 
tion) were  applied  and  eluted  in  benzene  (13.7  cm,  30  min).  The  plates  were 
oven  dried,  sprayed  with  50%  ethanolic  phosphoric  acid  and  charred. 

Liquid  paraffin  and  transformer  oil  spots  migrated  further  than  pure 
vegetable  oil  spots.  In  the  vegetable  oils  containing  3Z  liquid  paraffin, 
the  mineral  oil  appeared  as  a distinct  spot  which  migrated  further  than  the 
rest  of  the  oil  sample.  Tallow,  an  animal  fat,  migrated  at  approximately 
the  same  speed  as  the  vegetable  oils  (144). 


106 


VIII.  TECHNICAL  SUMMARY 

The  scope  of  this  problem  definition  study  encompasses  the  physico- 
chemical, toxicological  and  occupational  health  aspects  of  two  major  types 
of  petroleum  products,  fuels  and  lubricants,  of  which  the  two  fog  oils, 
smoke  generating  fog  (SGF)  oil  No.  1 and  SGF  No,  2,  are  representatives, 
respectively.  Due  to  the  fact  that  differences  between  the  two  fog  oils 
are  of  a greater  significance  than  their  similarities,  it  is  necessary  to 
consider  them  separately  in  discussing  their  biomedical  and  physico-chemical 
properties.  The  literature  on  SGF  No.  1 and  No,  2 themselves  is  scanty  in 
all  areas.  Research  into  the  toxicological  aspects  of  fuels  and  lubricants 
is  only  slightly  greater  in  voltime,  offering  at  least  a starting  point  upon 
which  to  base  future  investigations.  Nevertheless,  some  important  state- 
ments have  been  based  upon  this  small  amount  of  research.  This  chapter 
presents,  in  condensed  form,  the  reviewed  literature  on  SGF  No.  1 and  re- 
lated fuels,  and  on  SGF  No.  2 and  related  lubricants,  both  products  of  the 
petroleum  industry, 

A,  Physical  and  Chemical  Properties  of  Fog  Oils  SGF  No,  1 and  SGF  No,  2 

SGF  No.  1 is  a petroleum  product  which  corresponds  in  boiling  range  and 
other  properties  to  the  middle  distillate  fuels,  lighter  grade  diesel  fuel  and 
fuel  oils  #1  and  2.  Therefore,  the  distribution  of  hydrocarbon  types  and 
molecular  weights  of  SGF  No.  1 should  also  correspond  to  these  fuels,  and  they 
should  be  tuxico logically  similar.-  In  fact,  an  order  for  SGF  No.  1 would 
probably  be  drawn  from  stocks  destined  to  be  one  of  these  fuels.  Likewise, 

SGF  No.  2 is  drawn  from  a lubricant  oil  stock  also  sold  as  a raw  material  to 
various  industries.  The  physical  and  chemical  properties,  human  and  animal 
toxicity,  pharmacokinetics  and  occupational  health  and  safety  aspects  are  pre- 
sented for  SGF  No.  1 or  SGF  No.  2 where  possible,  and  for  SGF  NO.  1 or  No.  2 
models,  i.e.  other  fuels  or  lubricants  in  the  same  respective  classes,  where 
information  on  the  fog  oils  is  lacking. 

1.  SGF  No.  1 

The  Military  Specification  for  SGF  No.  1 fog  oil  (MIL-F-12070A,  10  May 
195©,  requires  it  to  have  a boiling  range  characteristic  of  other  middle 
distillate  fuels,  as  well  as  meeting- a maximum  carbon  residue,  pour  point, 
neutralization  number  and  viscosity.  In  the  research  of  Lushbaugh  et  al,, 
in  the  1940’ s,  SGF  No.  1 was  described  as  a dark  colored  and  highly  fluores- 
cent liquid.  The  Military  Specification  further  requires  that  it  is  free 
of  any  additives. 

SGF  No.  1 fog  oil  is  produced  from  crude  oil  by  fractional  distillation; 
it  bolls  in  approximately  the  same  range  as  other  middle  distillate  fuels,  such  as 
fuel  oils  #1  and  2,  and  light  grade  diesel  fuel,  that  is,  390-610“F  (200-320“C) . 
Refinery  procedures  such  as  catalytic  and  thermal  cracking  a’t^4  related  opera- 
tions, which  are  used  to  convert  crude  oil  fractions  of  loweV  economic  value 
(gases,  residues)  to  oils  richer  in  gasoline  fractions,  give  off  a cracked 
middle  distillate  as  a by-product.  This  cracked  material  may  be  blended 
with  middle  distillates  produced  directly  from  crude  oil  (straight  run),  in 
any  proportion,  provided  that  the  end  product  is  a fuel  meeting  the  SGF  No,  1 
requirements.  Further  processing  of  SGF  No.  1 and  related  middle  distillates 
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includes  desaphalting  and  other  procedures  which  extract  various  compounds 
from  the  fuel»  such  as  wax,  resinour  materials,  sulfur  and  heavy  metals. 
Kerosene  is  produced  by  extraction  of  aromatic  hydrocarbons  from  this  fuel. 

The  middle  distillate  fuels  which  leave  the  refinery  are  composed  of 
a wide  variety  of  hydrocarbon  compounds:  paraffins,  cycloparaffins, 
aromatic  hydrocarbons  and  olefins,  ranging  in  carbon  number  from  C%  to  €20* 
The  actual  percentages  of  these  types  of  hydrocarbons  in  a given  fuel  sample 
are  a reflection  of  the  composition  of  the  crude  oil  from  which  it  was  dis- 
tilled, as  well  as  refining  techniques.  Hydrocarbon  types  present  in 
middle  distillates  may  include:  normal  and  Isoparaffins,  mono-,  dl«  and 
tricycloparaff ins,  alkylbenisenes,  Indanes,  tetralins,  dlhydronaphthalenes, 
alkylnaphthalenes,  acenaphthnlenes,  acenaphthylenes,  fluorenes,  anthracenes, 
phenanthrenes,  and  olefins. 

The  complexity  of  the  mixture  which  is  SGF  No,  1 is  readily  apparent. 

It  it:  an  even  more  difficult  task  to  evaluate  SGF  No,  1 in  terms  of  toxicity, 
because  individual  components  of  the  mixture  may  have  effects  on  the  body 
which  are  masked  or  accentuated  by  interaction  with  other  fuel  components. 

Due  to  the  wide  variation  of  composition  of  different  batches  of  SGF  No.  1, 
effects  on  the  organism  may  also  depend  upon  the  particular  batch  of  the  oil 
which  la  being  tested. 

2.  SGF  No,  2 

According  to  communications  with  U,S,  Army  representatives  of  shell 
Oil  Company  (Houston,  Texas),  SGF  No,  2 is  a lubricating  oil.  The  Military 
Specification,  M1L-F-12070A,  May  10,  1956,  requires  this  oil  to  have  a 
specific  viscosity,  as  well  as  limiting  carbon  residue,  neutralisation 
number,  flash  point,  and  pour  point.  The  term  "100  pale  oil"  has  been  used 
to  characteriee  the  substance:  100  refers  to  the  viscosity,  i.e,  100-110 
Saybolt  Universal  Units  at  100®F;  pale  refers  to  the  fact  that  it  is  a 
pale  or  straw-colored  liquid.  The  oil  must  be  free  of  additives. 

Lubricating  oils  are  generally  distilled  from  crude  petroleum  under 
reduced  pressure,  in  order  to  avoid  thermal  decomposition  of  the  oil,  which 
would  result  in  inferior  lubricating  properties.  Lubricating  oils,  includ- 
ing SGF  No,  2,  may  undergo  further  treatment  to  remove  sulfur,  heavy  metals, 
resinous  materials  and  some  polycyclic  aromatic  hydrocarbons  and  paraffinic 
waxes. 


The  same  lubricating  oil  which  is  sold  as  SGF  No.  2 may  be  utilixed  as 
a raw  oil  in  manufacturing  industrial  cutting,  metalworking,  lubricating 
and  cooling  oils.  It  may  be  usod  as  a vehicle  for  spraying  livestock  and 
agriculture  with  various  chemicals.  Or,  it  may  be  further  refined  into 
a white  oil,  which  is  used  in  newspaper  ink,  in  industrial  applications 
where  leas  refined  oils  are  prohibited,  and  in  the  manufacture  of  medicinal 
mineral  oils  used  for  laxative,  adjuvant  or  nose  drop  formulations. 

Lubricating  oils  generally  have  a boiling  range  of  700-900®F  (370- 
480®C),  and  contain  hydrocarbons  with  20-50  carbon  atoms,  in  the  molecular 
weight  range  of  240-420  atomic  units.  Hydrocarbons  present  include  no  more 
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than  lOX  alkanes » with  cycloparaffins  and  aromatic  hydrocarbons  accounting 
for  the  remainder.  Cycloparafflns  with  up  to  four  cyclopentane  or  cyclo~ 
hexane  rings  per  molecule  predominate.  Polycyclic  aromatic  hydrocarbons 
with  3 to  6 benzene  rings,  and  as  much  as  160  v>g/l  benzo (a) pyrene  have  been 
Identified  In  lubricating  oils.  Solvent  extraction  removes  most  aromatic 
hydrocarbons,  creating  white  oils  composed  mainly  of  cycloparafflns  with 
up  to  six  rings  per  molecule.  Synonyms  for  white  mineral  oil  Include  U.S.P. 
mineral  oil,  liquid  petrolatum  and  liquid  paraffin. 

B.  Generation  of  Smoke  from  Fog  Oils 

Fog  oil  smoke  Is  generated  by  a process  of  vaporization  of  the  oil, 
followed  by  forcing  the  vapors  out  into  the  atmosphere;  as  the  vaporized 
material  meets  the  atmosphere.  It  Is  immediately  condensed  Into  a dry  smoke, 
which  consists  of  microdroplets  of  oil.  The  latest  smoke  generator,  the 
M3A3,  consumes  150  liters  of  fog  oil  an  hour,  producing  a continuous  smoke 
screen.  The  generator  Itself  Is  a pulse-jet  engine  which  consumes  11  1/2 
liters  of  gasoline  per  hour.  The  concentration  of  oil  droplets  In  the 
atmosphere  which  Is  required  for  this  dense  smoke  Is  unknown. 

The  temperature  required  to  vaporize  the  oil  In  the  generator  may  or 
may  not  cause  thermal  breakdown  of  the  oil,  leading  to  the  formation  of  even 
more  hydrocarbon  types.  Analyses  of  fog  oil  smoke  are  not  reported  In  the 
literature. 

In  the  M3A3  smoke  generator,  exhaust  vapors  from  the  engine  will  mix 
with  the  vaporized  fog  oil  and  both  are  emitted  together.  The  concentration 
of  gasoline  engine  vapors  in  fog  oil  smoke  is  not  reported.  Effects 
of  the  mixture  of  fog  oil  and  gasoline  engine  exhaust  have  not  been 
studied. 

The  smoke  Is  a stable  dispersion  of  oil  droplets  with  light-scattering 
properties.  It  settles  very  slowly,  remaining  afloat  for  around  one  hour. 
Meteorological  conditions  determine  Its  range  of  ground  coveiage;  the  smoke 
may  be  carried  as  far  as  6.5  kilometers  from  its  point  of  generation. 

C.  Human  Toxicity 

Medical  records  from  World  War  II  reportedly  revealed  no  indications 
that  smoke  generator  unit  personnel,  or  armies  living  in  constant  smoke 
screens  for  weeks  on  end,  experienced  any  illness  or  carcinogenic  or  muta- 
genic effects  related  to  exposure  to  fog  oil  smoke  screens.  There  was  no 
indication  that  precautions  had  been  taken  to  avoid  exposure.  The  documen- 
tation and  medical  follow-up  of  these  exposed  personnel  was  probably  in- 
adequate, according  to  the  Edgewood  Arsenal  Toxicology  T>tviaion  of  the  U.S. 
Army. 

Due  to  the  problem  of  insufficient  data,  the  toxicity  of  SGF  No.  1, 
a fuel,  and  SGF  No.  2,  a lubricant,  are  discussed  as  representatives  of  the 
larger  petroleum  classes  to  which  they  belong,  termed  "models”. 


1.  SGF  No.  1 and  Model  Fuels 

Acute  and  chronic  toxicity  of  middle  distillate  fuels  (lighter  grades  of 
diesel  fuel,  fuel  oils  No.  1 and  No.  2,  and  kerosene)  in  humans  are  discussed. 

a.  acute  toxicity 

Normal  subjects  exposed  to  diesel  fuel  aerosols  in  concentrations  as 
high  as  300  mg/m^  for  10  minutes  experienced  practically  no  eye  nose  or 
throat  irritation.  Exposures  to  deodorized  kerosene  vapors  or  aerosols, 
for  15  minutes,  in  concentrations  up  to  140  mg/m^,  caused  no  irritation 
or  discomfort  of  the  eye,  nose  or  throat  of  the  volunteers. 

Acute  skin  contact  with  kerosene  soaked  clothing  caused  severe  epidermal 
necrolysis  in  a 12-year-old  boy.  Extensive  erythema  and  detachment  of  epi- 
dermal tissue  overlying  a purulent  exudate  occurred.  Skin  patch  tests  with 
kerosene  for  24  hours  caused  skin  Irritations  of  varying  degree  in  humans.  Cyclo- 
paraffin-rich kerosene  more  frequently  produced  positive  skin  reactions  after  24 
hours,  and  a highly  aromatic  middle  distillate  fuel  produced  the  strongest 
skin  irritation.  Pure  aromatic  hydrocarbons,  such  as  monomethylated  naphtha- 
lenes, a component  of  these  fuels,  produce  slight  skin  reactions  in  persons 
undergoing  24-hour  patch  testing.  Tetramethyl  benzenes  cause  dehydration 
and  defatting  of  the  skin. 

A worker  who  swallowed  fuel  oil  during  a siphoning  procedure  developed 
acute  gastritis  with  hematemesls.  Gastric  mucosal  lesions,  observed  on  X-ray, 
healed  in  about  1 1/2  months.  No  systemic  involvement  was  noted.  Intense 
gastrointestinal  irritation  has  been  noted  after  kerosene  swallowing. 

Diesel  fuel  ingestion  by  young  children  often  causes  pneumonia,  due  to 
entry  of  the  fuel  into  the  lungs  i.e.,  aspiration  pneumonitis.  Cough, 
dyspnea  and  a blood-tinged  frothy  discharge  have  been  noted  in  these  cases. 
Extensive  bilateral  pulmonary  necrosis  and  gangrene  occurred  in  a 44-year- 
old  man  who  aspirated  diesel  fuel. 

b.  chronic  toxicity 

Chronic  dermatitis  due  to  repeated  exposures  to  diesel  fuel  is  dependent 
upon  occupational  and  personal  hygiene,  individual  skin  sensitivity  and  other 
constitutional  and  environmental  factors.  Folliculitis,  furuncles,  pyoderma, 
abscesses  and  papular  eruptions  have  been  reported  in  the  literature.  The 
relationship  between  blood  group  (ABO  system)  and  occurrence  of  dermatitis 
was  studied  in  25  workers;  the  conclusion  was  that  blood  grouping  could 
provide  a rough  screening  test  for  dermatitis  for  prospective  employees  work- 
ing around  fuel  oils.  Black  persons  and  people  with  oily  skin  seem  better 
able  to  resist  fuel  oil  chronic  dermatitis  than  persons  with  dry,  senile  or 
eczematous  skin. 


No  other  chronic  effects  have  been  documented  in  the  literature 
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SGF  No.  2 and  Lubricating  Oils 
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Acute  and  chronic  toxicity  of  petroleum  lubricating  oils  (automotive,  in- 
dustrial and  medicinal)  in  humans  are  presented. 

a.  acute  toxicity 

No  appreciable  eye,  nose  or  throat  Irritation  was  reported  following 
the  exposure  of  7 healthy  subjects  to  up  to  4C  mg/m^  of  fresh  automotive 
lubricating  oil  aerosol  for  a period  of  10  minutes.  There  are  no  other  re- 
ports of  acute  exposure  toxicity  in  the  literature. 

b.  chronic  toxicity 

Long-term  exposure  to  oil  mists  occurs  In  many  industrial  settings, 
such  as  cotton  spinning,  newspaper  printing,  metalworking  and  steel,  brass 
and  aluminum  manufacturing.  In  metalworking  shops,  lubricating  oil  mist 
concentrations  up  to  402  mg/m^  have  been  reported.  The  low  limit  of  visi- 
bility of  oil  mists  Is  about  5 mg/m^.  The  dense  smokes  generated  for  screen- 
ing military  personnel  are  probably  more  concentrated,  although  actual 
measurements  of  concentrations  have  not  been  made. 

The  oil  mists  found  In  Industrial  workplaces  are  generated  by  vaporiza- 
tion and  rapid  cooling  Into  droplets  of  oil.  In  this  case,  the  heat  source 
for  vaporization  is  the  high-temperature  zone  of  contact  between  the  particu- 
lar tool  and  the  workpiece. 

Chronic  skin  exposure  to  these  oils  occurs  in  the  same  setting,  due  to 
splashing  of  lubricating  oils  from  machinery  onto  any  part  of  the  body,  such 
as  the  face,  arms  and  groin. 

(1),  carcinogenicity 

Squamous  cell  carcinoma  of  the  hands,  face  and  groin  (scrotum,  vulva) 
after  chronic  oil  exposure  in  industry  has  an  occurrence  which  parallels 
the  degree  of  refining  an  oil  underwent  prior  to  use.  The  polycyclic 
aromatic  hydrocarbons  present  in  all  but  white  oils  are  probably  responsible 
for  their  carcinogenicity.  These  are  weak  carcinogens  (with  the  exception 
of  benzo (a) pyrene) , 

Cases  of  skin  cancer  due  to  petroleum  oils  used  in  industries  such  as 

cotton  mule  spinning  and  metalworking  reached  a peak  in  1928  and  declined 
slowly  by  1945,  due  to  the  introduction  of  concentrated  sulfuric  acid  was."'- 
Ing  in  the  1930*  s (to  remove  benzo  (a) pyrene)  and  later  on,  solvent  ex- 
traction of  other  polycyclic  aromatic  hydrocarbons  from  these  oils. 

Cases  of  skin  cancer  due  to  occupational  oil  exposure  have  been  less 
numerous  in  the  United  States,  Canada,  Norway  and  Sweden  than  in  the  United 
Kingdom.  In  Holland,  no  skin  cancers  have  been  reported,  and  in  Australia, 
the  disease  is  rare  among  oil  exposed  workers  (18). 


Ill 


In  Birmingham,  the  industrial  engineering  center  of  the  United  Kingdom, 
akin  cancer  studies  have  revealed  that  over  86X  of  skin  cancer  cases  that 
could  be  traced  had  been  found  to  occur  in  association  with  oil  exposure, 
although  the  type  of  oil  used  could  not  be  related  to  incidence.  Machine 
operators  and  tool  setters  had  a significantly  greater  occurrence  of  second 
primaries  of  the  skin,  respiratory  tract  and  larynx  than  the  general  popula- 
tion of  this  area. 

In  one  region  of  France  employing  5,000  workers  who  are  exposed  to 
lubricating  oils  and  oil  aerosols,  63%  of  133  squamous  cell  carcinoma  cases 
from  1960-1974  were  of  the  scrotum,  30%  of  the  arms  or  hands,  and  the  re- 
mainder were  of  the  face  and  neck.  The  scrotal  cancer  rate  was  25  per  100,000, 
which  was  36  times  higher  than  the  scrotal  cancer  rate  of  the  general  un- 
exposed population  of  that  area.  Risk  factors  were  psychological,  social 
and  constitutional,  as  well  as  occupational  oil  exposure  and  degree  of  per- 
sonal and  occupational  hygiene. 

Most  men  affected  with  scrotal  cancer  in  the  general  population  are  over 
70  years  old,  and  it  is  considered  a very  rare  disease.  Oil-exposed  men  in 
metalworking,  cotton  and  jute  industries  who  develop  scrotal  cancer  are  in 
the  40-50  year  age  group  and  have  had  more  than  6 years  of  oil  exposure. 

Digestive  tract  cancer  mortality  among  oil-exposed  workers  in  the  United 
States  la  within  the  limits  of  the  expected  cancer  rates  for  unexposed  white* 
males.  Death  rates  for  specific  digestive  organs  were  not  examined. 

Studies  in  Birmingham  showed  the  larynx  to  be  a site  of  excessive  second 
primaries  in  occupationally  exposed  workers.  Excess  second  primary  tumors  of 
the  lip  and  stomach  were  also  noted  in  occupationally  exposed  men  with  scrotal 
cancer.  Because  these  cancers  were  manifested  in  only  a small  subset  of  the 
oil-exposed  population,  other  factors  may  have  been  responsible  for  the  en- 
hanced susceptibility  to  cancer  within  this  group. 


Pulmonary  tumor  deaths  due  to  inhalation  of  industrial  oil  mists  are  no 
greater  than  for  the  unexposed  populations.  Cancer  mortality  patterns  in 
over  5,000  white  males  enployed  in  metalworking  for  at  least  one  year  between 
1938  and  1967  did  not  show  any  exposure-response  relationship  or  latency 
effect  to  oil  mist  exposure.  In  some  studies,  higher  bronchial  cancer  mor- 
tality rates  have  been  reported,  but  the  results  are  questionable  due  to 
comparisons  with  non-age-matched,  unexposed  populations.  The  few  reports  of 
bronchogenic  carcinoma  in  oil-exposed  workers  have  failed  to  consider  smok- 
ing history  and  other  possible  etiologic  agents. 

Second  primary  tumors  of  the  bronchus  in  men  in  Birmingham  with  scrotal 
cancer  due  to  industrial  oil  exposure  were  excessive  for  men  in  some  oily 
jobs  but  not  others,  leading  to  the  conclusion  that  other  factors,  such  as 
cigarette  smoking  and  the  wide  prevalence  of  chronic  bronchitis  in  England 
may  be  involved  in  this  selected  group. 
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The  basis  for  enhanced  susceptibility  of  some  oil-exposed  populations 
or  individuals  may  be  a constitutional,  genetically  controlled  difference 
in  ability  of  human  tissues  to  metabolize  the  polycyclic  aromatic  hydro- 
carbons present  in  petroleum  lubricating  oils.  The  metabolites,  called  K- 
reglon  epoxides,  may  be  more  carcinogenic  than  their  parent  compounds.  The 
enzyme  responsible  for  epoxide  formation,  aryl  hydrocarbon  hydroxylase,  is 
an  inducible  enzyme  present  in  human  skin  and  other  tissues,  anc^  its  activity 
is  genetically  controlled,  i.e.,  the  enzyme  is  more  inducible  in  some  in- 
dividuals than  in  others.  Persons  with  a more  inducible  enzyme  may  be  those 
with  an  enhanced  susceptlb 'llty  to  tumors  from  chronic  oil  exposure. 

(2) .  deinnatotoxlcity 

Oil  folliculitis,  acne,  eczema,  contact  sensitivity,  as  well  as  warts, 
rodent  ulcers  and  premallgnant  skin  conditions  (pigmentary  changes,  atrophy, 
hyperkeratosis,  telangectasla)  have  been  reported  due  to  chronic  exponure 
to  lubricating  oils.  The  back  of  hands,  forearms  ant  groin  are  often  af- 
fected. Oil  acne  was  found  to  affect  as  many  as  80Z  of  automatic  metal 
machine  workers  in  Britain. 

The  lubricating  oils  break  down  the  protective  defences  of  the  skin. 

The  skin  barrier  varies  in  thickness,  and  oils  have  less  difficulty  pene- 
trating thin  scrotal  skin  than  the  thick  skin  of  the  palms  of  the  hands. 
Eczemas,  Inflammations  and  other  conditions  occur  once  the  barrier  is  pene- 
trated. Integrity  of  the  skin  barrier  also  depends  upon  moisture  content 
and  other  constitutional  factors*  Friction  of  clothing  against  oil  contam- 
inated skin,  as  well  as  poor  occupational  and  personal  hygiene,  contribute 
to  dermatoses. 

Skin  patch  tests  with  lubricating  oils  generally  provoked  minimal  or 
negative  skin  reactions  in  24  hours.  Black  persons  were  less  sensitive  to 
the  oils  than  whites*  Over  50%  of  white  persons  with  eczemas  of  any  etiology 
had  mild  skin  reactions,  while  those  with  healthy  skins  had  about  10%  positive 
skin  reactions. 

(3) .  other  toxic  effects 

No  information  is  available  on  the  effects  of  lubricating  oils  or  mists 
upon  the  nervous  system,  cardiovascular  system,  blood  or  blood  forming  or- 
gans, liver,  kidney  and  urogenital  system,  fertility,  reproduction,  growth 
or  behavior. 

(4) .  general  mortality 

In  a study  in  which  778  newspaper  pressmen  (exposed  to  oil  mists  from 
printing  ink)  were  compared  wtLth  1,207  compositors  (unexposed)  at  one  news- 
paper plant,  significantly  higher  death  rates  were  found  among  pressmen 
first  employed  at  40  years  of  age  or  more,  and  among  men  with  20  or  more 
years  of  employment  at  this  plant,  than  in  compositors.  There  were  no  sig- 
nificant differences  in  death  rates  for  men  first  employed  at  less  than  40 
years  of  age  (Including  those  working  for  more  than  20  years).  No  obvious 
trends  in  causes  of  death  were  apparent. 
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3.  Medicinal  Mineral  Oils 


Skin  and  gastrointestinal  toxicity,  pulmonary  toxicity  and  lung  cancer 
and  general  carcinogenicity  are  discussed.  No  acute  toxicity  has  been  re- 
ported. 

a.  cutaneous  toxicity 

Skin  sensitization  with  dinltrochlorobenzene  (DNCB) , followed  by  mineral 
oil  applications  and  a DNCB  challenge  resulted  in  acanthosis,  hypergranulosis 
and  hyperkeratosis,  mild  inflammation  of  the  corium  and  some  cases  of  spon- 
giosis and  veslculatlons.  Mineral  oil  alone  produced  much  less  severe  skin 
reactions,  such  as  erythema,  veslculatlon  and  papules.  The  acantHbtic 
activity  of  mineral  oil  was  the  basis  for  increased  reactivity  of  the  skin 
to  DNCB. 

Mineral  oil  acne  and  folliculitis  occurred  in  a group  of  children,  aged 
2-10  years,  after  mineral  oil  was  applied  to  the  scalp  following  shampooing 
of  the  hair  once  a week  for  a few  months.  The  skin  reaction  occurred  mostly 
on  the  side  of  the  face  on  which  a particular  child  slept  at  night,  due  to 
contamination  of  the  pillow  cover  with  mineral  oil.  The  condition  cleared 
up  about  6 months  following  elimination  of  the  use  of  this  oil. 

b.  gastrointestinal  toxicity 

Ingestion  of  mineral  oil  as  a laxative  causes  lubrication  of  the  rectal 
sigmoid  and  an  abnormal  fecal  reservoir  in  the  usually  empty  recttim.  Mineral 
oil  prevents  absorption  of  fat  soluble  vitamins  A,  D,  E and  K,  leading  to 
vitamin  deficiencies- and  their  sequellae.  The  oil  also  coats  particles  of 
food  in  the  intestine,  interfering  with  absorption,  and  sometimes  contributing 
to  severe  weight  loss.  Anal  itching,  involuntary  discharge  of  oil  and  flatu- 
lence are  some  side  effects  of  mineral  oil  Ingestion.  Due  to  the  unphyslologic 
nature  of  the  laxative  effect,  larger  and  larger  quantities  are  needed  as 
bowel  function  progressively  worsens  under  the  influence  of  mineral  oil. 

c.  pulmonary  toxicity 

Aspiration  of  mineral  oil  into  the  lungs  of  persons  using  oily  nose 
drops  or  mineral  oil  laxative  occurs  frequently,  but  evidence  of  oil  pneximonia 
is  usually  only  an  incidental  autopsy  finding.  The  condition  remains  asymptom- 
atic in  most  cases.  The  blandness  of  this  oil  allows  it  to  enter  the  respira- 
tory tract  without  triggering  gag  or  cough  reflexes. 

Paraffinomas  (circumscribed  lesions  containing  oil  surrounded  by  flbrotic 
tissue)  or  diffuse  pneumonitis  (oil  droplets  scattered  throughout  one  or  more 
lobes  of  the  lung)  may  be  observed.  The  pulmonary  tissue  response  to  oil 
is  a foreign  body  reaction  around  alveoli,  with  diffuse  infiltration  of  mono- 
cytes, eosinophils,  plasma  cells  and  giant  cells.  Fibrosis  and  formation 
of  nodules  around  collections  of  oil  occurs.  Bronchial  and  bronchiolar  in- 
flammation, distortion  and  plugging  with  oil  have  been  noted. 
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Oil  pneumonia  may  be  clinically  present*  but  symptoms  are  non-specific, 
including  dyspnea,  cough,  wheesing  and  chest  pain.  An  X-ray  picture  of 
unresolved  pneumonitis,  hilar  clouding,  vildespread  fibrosis  or  a localised 
density  may  be  found,  and  this  picture  is  usually  out  of  proportion  to  signs 
and  symptoms  of  oil  pneumonia. 

Physiologic  impairment  may  include  decreased  vital  capacity.  Increased 
airway  resistance,  air  trapping,  and  Increased  residual  volume,  which  are 
suggestive  of  pulmonary  emphyeema.  These  findings  are  prob&bly  the  result 
of  fibrosis  and  broncho-inflammatory  reactlOi^s  to  aspirated  mineral  oil. 

d.  carcinogenicity 

Mineral  oil  aspiration  pneumonia  may  coexist  with  lung  cancer,  but  the 
relationship  between  the  two  entities  is  probably  not  causal.  One  case  in- 
volved a 73-year-old  woman  with  chronic  mineral  oil  pneumonia.  At  autopsy, 
several  adenocarcinomas  were  found  in  one  extensively  fibrotlc  lung  section. 
Malignancies  arising  in  areas  of  pulmonary  fibrosis  are  probably  a secondary 
phenomenon:  according  to  one  authority,  there  is  no  reason  to  suppose  that 
carcinoma  is  more  likely  to  develop  in  a scar  induced  by  mineral  orl  than  in 
a scar  of  any  other  origin.  The  rarity  of  reported  cases  argues  against  the 
carcinogenicity  of  mineral  oil  in  the  lungs  of  humans. 

Mo  excess  of  malignancies  has  ever  been  reported  in  humans  receiving  In- 
jections or  instillations  containing  mineral  oil. 

D.  Animal  Toxicity 

The  effects  of  SGF  Mo.  1 and  Mo.  2 and  their  representative  models  are 
presented  separately.  Tables  10  to  14,  at  the  end  of  this  chapter,  summarizes 
the  arimal  studies  reported. 

1.  SGP  No.  1 

In  a study  done  in  1945,  hushbaugh  exposed  various  animals  to  oil  mists 
of  SGF  No.  1 fog  oil,  in  concentrations  of  63  mg/m^,  for  thirty  minutes  of 
every  hour  of  every  day  for  noproxlmattely  one  year.  The  results  follow, 

a.  pulmonary  toxicity  and  cancer 

Pulmonary  changes  in  125  1-month-old  strain  A mice  included  oil  collec- 
tions in  peribronchial  and  mediastinal  lymph  nodes,  but  no  evidence  of  lipoid 
pneumonia.  In  4 rabbits,  oil  was  found  in  microscopic  amounts  in  macrophages 
in  the  mediastinal  lymph  nodes  attd  lymphatic  channels  of  the  lungs  and  pleura, 
with  acane  oil  containing  macrophages  intra-alveolarly  and  subpleurally.  No 
Increase  in  pneumonias  was  noted  between  exposed  and  unexposed  rabbits.  In 
80  albino  rats,  oil  accumulation  in  the  lungs  was  minimal,  being  similar  to 
the  deposits  in  rabbits,  and  there  was  no  increase  in  pneumonias  over  control 
rats.  Pulmonary  oil  accumulation  in  7 Macaca  mulatta  monkeys  was  described 
as  focal  pneumonia  with  interstitial  inflammation*  Oil  containing  macro- 
phages were  thinly  scattered  throughout  alveoli,  advancing  toward  pulmonary 
lymphatics  as  oil  exposure  continued.  Macrophages  had  both  fine  and  large 


oil  droplets.  Longer  exposures  lead  to  increased  numbers  of  fibroblasts  and 
connective  tissue  in  the  llpophage>contalning  areas,  and  the  formation  of 
condensed  fibrotlc  nodules  containing  oil.  The  incidence  of  infectious 
pneumonia  in  exposed  monkeys  was  greatly  Increased  over  unexposed  controls. 

In  the  month-old  strain  A mice,  which  are  highly  susceptible  to  carcino- 
genic influences,  oil  inhalation  failed  to  Influence  either  the  incidence 
or  time  of  occurrence  of  pulmonary  neoplasms.  Tumors  in  exposed  mice  also 
bore  no  spatial  relationship  to  Inhaled  oil  deposits.  None  of  the  exposed 
rabbits,  rats  or  monkeys  developed  pulmonary  tumors. 

b.  gastrointestinal  toxicity  and  cancer 

There  was  marked  wasting,  due  to  decreased  food  Intake,  in  all  oil-ex- 
posed monkeys  after  30  days.  The  stomachs  of  killed  monkeys  were  shrunken 
and  fibrotlc.  The  gastric  mucosa  was  thickened  and  ulcerated,  and  all  but 
the  mucus-secreting  cells  of  the  gastric  mucosa  were  atrophic.  Infiltration 
of  gastric  mucosal  cells  into  the  submucosal  connective  tissue,  possibly 
gastric  adenocarcinoma,  was  observed  in  two  monkeys  exposed  for  97  and  100 
consecutive  days,  respectively.  The  etiology  of  gastric  changes  was  probably 
the  swallowing  of  oil  filtered  out  of  nasal  passages,  oil  Ingested  with 
food,  and  general  oil  contamination  of  the  bodies  of  the  monkeys. 

c.  other  effects 

After  one  month  of  oil  exposure,  the  monkeys  had  thinning  of  the  fur. 
Bald  areas  wete  observed  over  more  than  half  of  the  body  of  monkeys  by  100 
days  of  exposure.  No  other  observations  were  reported  for  any  of  the  animals 
in  this  experimental  SGF  No.  1 fog  oil  mist  exposure, 

2.  SGF  No.  1 Models 

a.  lethal  doses 

Diesel  fuel  was  found  to  have  an  oral  LD50  of  16.0  ml/kg  of  body  weight 
for  138  Wistar  rats  weighing  180-340  g which  were  administered  the  fuel  by 
stomach  tube. 

The  subacute  lethal  dose“''of  diesel  fuel  in  rats  was  calculated  to  be 
6.9  ml/kg  of  body  weight  per  day  administered  by  stomach  tube. 

An  intratracheal  administration  of  LD50  for  175-300  g Wistar  rats  was 
0.05  ml  of  diesel  fuel  per  rat. 

Aspiration  of  0,02  ml  of  diesel  fuel  by  2 male  albino  Wistar  rats  weigh- 
ing 300-400  g caused  the  death  of  both  animals  in  24  hours. 

b,  pulmonary  toxicity 

Diesel  fuel  aerosols,  up  to  10,000  mg/m^,  did  not  damage  the  pulmonary 
surfactant  layer  of  175-300'g  Wistar  rats  exposed  for  unspecified  lengths 
of  time. 


An  «we  which  ingestwd  diesel  fuel  soaked  grass  developed  dyspnea  and 
respiratory  difficulties  of  unspecified  nature. 

Kerosene  aerosols,  up  to  10,000  mg/m^,  did  not  damage  the  pulmonary 
surfactant  layer  of  175~300>g  Wistar  rats  exposed  for  unspecified  lengths 
of  time. 

In  six  mice  exposed  to  6900  mg/m^  of  deodorised  kerosene  aerosol, 
there  was  no  respiratory  tract  Irritation,  bi*t  alight  respiratory  depression. 

Wistar  rats  (175->300  g)  given  2.0~3.0  ml  of  kerosene  by  direct  instilla- 
tion into  the  duodenum,  developed  no  changes  in  pulmonary  surfactant,  as 
measured  by  lung  deflation  under  low  transpulmonary  pressures. 

Wistar  rats  weighing  175-300  g were  given  0.01-0.10  ml  of  diesel  fuel 
by  tracheal  instillation,  and  surfactant  layer  damage  was  noted  after  15 
minutes,  returning  to  normal  after  48  hours  in  animals  remaining  alive. 

In  Wistar  rats  (175-300  g)  given  0.1  ml/kg  of  diesel  fuel  by  tracheal 
Instillation,  a chemical  pneumonitis  developed  into  pneumonitis.  After 
14  days,  there  were  still  microscopic  patches  of  resolving  pneumonia  in 
some  rats.  Kerosene  effects  were  indistinguishable  within  this  experimental 
setup. 


Two  albino  Wistar  rats  (350  g)  died  within  24  hours  after  aspiration 
of  0,02  ml  of  diesel  fuel.  Pulmonary  findings  Included  severe  edema,  hemor- 
rhage, liver-like  appearance,  tachypnea,  dyspnea,  cyanosis,  and  a blood-tinged 
frothy  nasal  discharge. 

Rats  aspirating  0.2  ml  of  kerosene  also  developed  acute  chemical  pneu- 
monitis. 

c.  neurotoxicity 

Loss  of  coordination  and  sluggishness  were  noted  in  albino  rats  (90- 
120  g)  after  6 hours  of  exposure  to  9600  mg/m^  of  deodorised  kerosene  aerosols. 

d.  effects  on  body  weight 

No  adverse  effects  on  body  weight  were  noted  after  6 male  albino  rats 
(90-120  g)  were  exposed  to  9600  mg/m^  of  deodorised  kerosene  aerosols  for 
6 hours  a day  on  4 consecutive  days,  and  observed  for  14  additional  days. 

A 13-week  Inhalation  of  100  mg/m^  deodorised  kerosene  aerosols  (6  hours  per 
day,  5 days  per  week)  had  no  adverse  effect  on  weight  in  these  male  rats. 

Four  cats  exposed  to  deodorised  kerosene  aerosol  concentrations  of 
6400  mg/m^  for  6 hours,  and  observed  for  14  days,  had  no  alterations  in  weight 
gain.  A borderline  but  significant  weight  increase  was  noted  in  beagles 
after  13  weeks  of  exposure  to  20  mg/m^  of  deodorised  kerosene  aerosols. 


e.  effects  on  behavior 

Loss  of  coordination  and  sluggishness  occurred  in  albino  rats  (90-120  g) 
after  6 hours  of  exposure  to  9600  mg/m^  of  kerosene  aerosols. 

A stiff  uncertain  gait  and  reduced  appetite  vere  noted  In  a cow  which 
ingested  up  to  7 liters  of  diesel  fuel. 

f . hematotoxlclty 

Diesel  fuel  ingestion  In  138  Wlstar  rats,  180-340  g,  in  a dose  of  20-25 
ml/kg  of  body  weight  per  day  caused  a significant  drop  in  hemoglobin  after 
14  days,  significant  retlculocytosis  after  7 and  14  days,  neutrophilic 
granulocytosis,  lymphocytopenia,  and  thrombocytopenia  after  7 days. 

A slight  elevation  in  number  of  neutrophils  was  noted  in  beagV'.s 

exposed  to  100  mg/m^  of  deodorized  kerosene  aerosols  for  13  weeks  (6  hours 
a day,  5 days  a week). 

In  an  ewe  vrtilch  ingested  diesel  fuel  soaked  grass,  hematologic  changes 
Included  neutrophilic  leukocytosis  and  a moderate  normochromic  anemia. 

Male  Wlstar  rats  (250  g)  received  applications  of  undiluted  diesel  fuel 
to  the  skin  of  their  tails  for  6 hours  each  day  for  10  days.  Hemoglobin 
was  decreased  after  around  2 weeks,  retlculocytosis  was  noted  from  2-4  weeks, 
leukocytosis  was  noted  betwecm  the  second  and  third  weeks,  and  neutraphllic 
granulocytosis  was  present  up  to  three  weeks.  No  thrombocytlc  or  lympho- 
cytic changes  were  noted. 

g.  effects  on  serum  enzymes 

In  male  Wlstar  rats  (250  g)  administered  diesel  fuel  by  tall  painting 
for  6 hours  a day  for  10  consecutive  days,  increast'.s  in  aspartate  amino- 
transferase and  intermediate  lactate  dehydrogenase  (UDH)  Isoenzyme  activities^ 
and  decreases  In  LDH  heart  and  liver  (muscle)  enzyme  activities  were  noted. 

In  138  rats  (250  g)  Ingesting  20p*25  ml/kg  of  body  weight  per  day  of 
diesel  fuel,  there  were  elevations  in  malate  dehydrogenase,  aspartate 
aminotransferase  and  alanine  aminotransferase  activities.  In  comparison  with 
unexposed  controls. 

h.  effects  on  blood  sugar 

Ten  rabbits  fed  2.5  ml  of  fuel  oil  demonstrated  a gradual  drop  In 
blood  sugar  to  23Z  below  normal  between  5 and  7 hours  after  dosing,  with  a 
return  to  control  levels  by  12  hours. 

1.  Immuno toxicity 

In  rabbits  Intermittantly  exposed  to  diesel  fuel  fumes  for  2 hours  a day 


for  80  days,  antibody  production  to  typhoid-paratyphoid  vaccine  given  on 
day  0 and  day  SO  vms  reduced  ^en  compared  with  unexpoaed  controls.  There 
was  a steady  increase  in  inunune  titers * indicating  an  absence  of  the  secondary 
immune  response  in  exposed  rabbits. 

j . gastrointestinal  toxicity 

An  ewe  which  Ingested  diesel  fuel  soaked  grass  developed  weight  loss 
and  Increased  rumenal  peristalsis.  The  rumenal  wall  was  found  to  contain 
raised  ulcerating  caseonodular  lesions  up  to  3 cm.  in  diameter. 

k.  dermatotoxicity 

Negative  results  were  reported  following  skin  sensitisation  of  24 
white  male  guinea  pigs  with  diesel  fuel. 

Diesel  fuel  was  classified  as  a mild  primary  skin  irritant  in  10  white 
3S00-g  Belgian  rabbits. 

Epidermal  splitting,  exfoliation,  hair  loss  and  a papular  rash  resulted 
after  painting  the  tall  skin  of  Wlstar  rats  for  6 hours  a day  for  10  con- 
secutive days  with  undiluted  diesel  fuel*  The  effect  receded  2-3  weeks  after 
termination  of  exposure. 

Erythema,  desquamation,  induration,  hair  loss  and  rhagades  occurred  in 
the  skin  of  5 albino  guinea  pigs  after  application  of  diesel  fuel  to  the 
dorsal  skin  once  a day  for  5 days.  Crusting  and  ulceration  were  noted  by 
the  12th  day.  Healing  occurred  within  10  days  of  termination  of  treatment, 
and  hair  regrowth  began  after  13  days. 

Diesel  fuel  promoted  granulation  tissue  formation  in  Wlstar  rats  which 
had  dermal  Implants  containing  diesel  fuel  placed  in  the  dorsal  skin  for 
10  days.  The  effect  was  do''e  dependent. 

l.  carcinogenicity 

Skin  tumors  occurred  in  18/100  mice  painted  daily  with  a heavy  grade  of 
diesel  fuel  in  the  interscapular  region.  In  mice  painted  twice  a week, 

1/100  developed  a tumor.  Lighter  grade  diesel  fuel  produced  only  dermatitis 
in  similar  mouse  experiments.  No  other  evidence  of  carcinogenicity  of 
SGF  No.  1 models  is  reported  in  the  literature. 

m.  other  effects 


There  are  no  reports  on  effects  on  reproduction,  growth,  teratogenicity, 
fetotoxlcity,  or  other  organs  or  systems  than  those  mentioned  above. 

3.  SGF  No.  2 Models 


No  investigations  of  animal  toxicology  of  SGF  No.  2 fog  oil  are  reported 
in  the  literature.  Acute  and  chronic  toxicity  of  petroleum  lubricating  oils 


and  white  oils  derived  from  refining  them  by  removal  of  their  aromatic  com~ 
pounds  are  presented. 

a.  lethal  doses 

Liquid  petrolatum  aerosol.  In  concentrations  of  4500  mg/m^  in  a 2-hour 
exposure,  was  lethal  for  2/6  albino  mice  weighing  25-35  g,  within  two  days 
following  exposure. 

In  male  albino  Wlstar  rats  weighing  200-300  g,  aspiration  of  0.2  ml  of 
automotive  lubricating  oil  caused  the  death  of  1/5  In  24  hours. 

Mice  fed  0.5  ml  of  white  mineral  oil  per  mouse  per  day  mixed  with  the 
diet  (20  ml/kg  of  body  weight)  died  after  7-10  days. 

Rats  fed  1.0  ml  of  white  mineral  oil  per  rat  per  day  (5  ml/kg  of  body 
weight)  died  after  7-10  days. 

b.  pulmonary  toxicity 

Lubricating  oil  and  white  mineral  oil  aerosols.  Inhaled  by  six  25-35 
gram  albino  mice.  In  concentrations  of  4330-4500  mg/m^,  for  2 hours,  produced 
the  following  pulmonary  changes:  oil  retention  In  terminal  bronchioles  and 
alveolar  ducts}  vigorous  and  Immediate  oil  phagocytosis  which  was  complete  In 
48  hours;  no  Inflammatory  response;  and  no  deaths.  Albino  mice  exposed  to 
these  oil  aerosols  for  about  90  hours  developed  marked  oil  retention  In  all 
divisions  of  the  respiratory  tree.  Coalescence  of  oil  Into  giant  droplets 
was  noted,  with  the  majority  of  the  oil  being  Intracellular,  and  occasional 
areas  of  oil  pneumonia.  Twenty  percent  of  these  animals  died  from  acute 
lipoid  pneumonitis. 

Albino  mice  weighing  20-25  grams  were  exposed  to  200  mg/m^  of  lubricating 
or  mineral  oil  aerosols  for  4 hours.  Hyperplasia  of  the  tracheobronchial 
epithelium  was  found  In  mice  sacrificed  from  18-144  hours  following  the  ex- 
posure. Alveolar  macrophages  Increased  In  number  up  to  96  hours  following 
exposure,  but  the  response  was  "very  mild”.  No  oil  pneumonias  were  obsecved. 
Mice  exposed  for  7 hours  a day  for  4 days  to  these  oils  (200  mg/m^)  developed 
no  pulmonary  lesions  within  96  hours  of  the  last  exposure. 

Male  Wlstar  rats  (200  g)  exposed  to  mineral  aerosols,  30,000  mg/m^,  for 
6 hours  a day  for  up  to  3 weeks  developed  focal  oil  granulomas  characteristic 
of  a foreign  body  type  of  response  to  the  oil  In  the  lungs,  as  well  as 
classic  lipoid  pneumonia. 

Aspiration  of  0.2  ml  of  automotive  lubricating  oil  in  albino  Wlstar 
rats  (200-300  g)  resulted,  after  24  hours,  in  a low*-grade  localized  oil 
pneumonia  with  slight  Inflammatory  response. 

Exposure  of  white  mice  to  lubricating  oil  aerosols,  132  mg/m^,  30  minutes 
per  hour,  24  hours  a day  for  100  consecutive  days,  resulted  In  accumulations 
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of  oil  In  macrophages  in  lungs  and  tracheobronchial  lymph  nodes.  An  average 
of  1.65  mg  of  oil  accumulated  In  one  mouse  lung,  representing  0.4%  of  total 
wet  lung  weight.  A hundredth  of  the  total  amount  of  Inhaled  oil  was  retained 
In  the  lungs.  In  rats  exposed  to  100  mg/m^  of  mineral  oil  aerosols  for  6 
hours  a day,  5 days  a week,  for  up  to  26  months,  progressive  oil  macrophage 
accumulations  were  also  noted,  along  with  Interstitial  pneumonitis.  Pneumoni- 
tis resulted  after  exposure  of  rats  to  lubricating  oils  In  concentrations  up 
to  60  mg/m^,  5 hours  a day  for  up  to  6 months.  Leukocytic  Infiltrates,  con- 
nective tissue  proliferation,  and  peribronchial  and  perivascular  lymphocytic 
Infiltrates  were  described. 

Male  Golden  Syrian  hamsters  and  male  Dutch  rabbits  exposed  to  100  mg/ra^ 
of  mineral  oil  aerosols  for  5 days  a week,  6 hours  a day  for  15  months,  ex- 
hibited no  major  lung  tissue  response.  In  male  mongrel  dogs,  however,  diffuse 
macrophage  accumulations  and  oil  granulomas  within  or  near  alveoli,  small 
brenchi  and  hilar  lymph  nodes  were  noted  after  26  months  of  oil  aerosol  ex- 
posure. 

Seven  rhesus  iDonkeys  exposed  to  132  mg/m®  of  lubricating  oil  aerosols, 
for  30  minutes  per  hour,  24  hours  per  day  for  up  to  100  consecutive  days 
showed  moderate  degrees  of  subacute  and  chronic  hyperplastic  panbronchiolitis, 
granulomas,  and  diffuse  bronchopneumonia.  Large  amounts  of  oil  did  not  ac- 
cumulate in  the  lungs . 

c.  hepatotoxicity 

In  mice  and  rats  fed  mineral  oil,  20  ml/kg  and  5 ml/kg  of  body  weight, 
respectively,  diffuse  fatty  degeneration  of  the  hepatic  parenchyma  occurred. 
Intense  liver  congestion  was  found  In  monkeys  fed  up  to  2.2  ml/kg  of  body 
weight  of  mineral  oil. 

White  male  rats  exposed  to  up  to  50  mg/m®  of  lubricating  oil  aerosols 
for  6 months  developed  liver  degeneration. 

Skin  painting  of  mice  with  mineral  oil  for  up  to  90  weeks  caused  round 
cell  periportal  infiltration,  xanthomata  of  endothelial  cells  scattered  through- 
out the  liver,  degeneration  and  fatty  infiltration.  The  animals  had  Ingested 
the  oil  by  licking  the  treated  skin  areas. 

No  liver  changes  due  to  the  exposure  of  mice,  rats,  hamsters  or  rabbits 
to  mineral  oil  aerosols,  100  mg/m®,  for  6 hours  a day,  5 days  a week  for  up 
to  26  months,  were  reported. 

d,  nephrotoxicity 

Degenerative  changes  in  ascending  tubules  of  the  kidneys  tf  mice  were 
observed  after  feeding  them  20  ml/kg  of  body  weight  of  white  mineral  oil  In 
the  diet.  Kidney  congestion  occurred  after  feeding  one  monkey  2.25  ml/kg  of 
white  mineral  oil  per  day  (total  195  ml)  for  3 months. 

No  nephrotoxicity  was  reported  after  exposure  of  mice,  rats,  hamsters, 
rabbits  or  dogs  to  132  mg/m®  lubricating  oil  aerosols  for  30  minutes  of  every 
hour  for  100  consecutive  days. 
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«•  g«stroint«stln«l  toxicity 

Small  ulcara  and  chronic  Inflammation  of  tha  larga  Intaatlna  wara  ob- 
aarvad  In  a 2.7  kg  monkay  fad  a total  of  96  ml  of  whita  mineral  oil  In  dosaa 
of  2,2  ml/kg  of  body  weight  par  day. 

The  stcxnach  fundua  andduodanum  of  mlca»  rata,  hamatara.  rabbits  and 
dogs  showed  no  pathological  changes  due  to  exposure  of  these  animals  to 
100  mg/m^  of  mineral  oil  aerosols  for  6 hours  a day.  5 days  a week  for  up  to 
26  months. 

f . cardiovascular  toxicity 

vn\ite  mineral  oil  fed  In  the  diet  to  three  monkeys.  In  total  doses  of 
96  ml.  36  ml  and  195  ml  caused  increased  vascularity  and  congestion  In  most 
Internal  organs.  The  authors  felt  that  the  oil's  chief  action  was  on  the 
blood  vessels  supplying  these  organs. 

Myocardial  degenerative  changes  occurred  In  rats  exposed  to  lubricating 
aerosols.  60  mg/m^.  5 hr/day  for  6 months.  However,  no  histologic  changes 
were  reported  In  the  heart  of  mice.  rats,  hamsters,  rabbits  or  dogs  after 
exposures  to  100  mg/m^  of  mineral  oil  aerosols  for  6 hours  a day.  5 days  a 
week  for  up  to  26  months. 

g.  hematotoxlcity 

Elevated  polymorphonuclear  leukocyte  counts  were  reported  after  exposure 
of  mice  to  mineral  oil  fumes. 

Decreased  leukocyte  phagocytic  activity  occurred  In  rats  exposed  for  6 
months  to  aerosols  of  lubricating  oils  in  concentrations  up  to  60  mg/m^. 

Leukocytosis  and  lymphocytopenia  of  peripheral  blood  was  noted. 


Rabbits  and  dogs  exposed  to  100  mg/m^  of  mineral  oil  aerosols  for  26 
months  (6  hours  a day.  S days  a week)  showed  no  abnormalities  In  hematocrit, 
hemoglobin  or  white  blood  cell  counts  after  quarterly  evaluations. 

h.  neurotoxicity 

A higher  neuromuscular  excitability  threshold.  Increased  parasympathetic 
tone,  and  central  nervous  system  depression,  manifested  by  decreased  respira- 
tory rate,  slower  heart  rate,  lower  voltage  of  BKG  peaks,  and  decreased 
arterial  blood  pressure  were  reported  after  6 months  of  exposure  of  rats  to 
lubricating  oil  aerosol  concentrations  of  up  to  60  mg/m^  for  5 hours  per  day. 

1.  immunotoxlclty 

Lubricating  oil  aerosols.  In  concentrations  up  to  60  mg/m^.  produced 
Increased  blood  neuraminic  acid  levels,  lowered  albumin.  Increased  alpha  1. 
alpha  2 and  bets  globulins,  lower  serum  agglutinin  titers  and  decreased 
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leukocyte  phagocytic  activity  In  rats  exposed  for  6 months.  These  changes 
were  Indicative  of  depressed  Immune  reactivity. 

Guinea  pigs  and  rats  exposed  to  10  mg/m^  of  lubricating  oil  aerosols 
for  A hours  a day  for  5 months  had  lowered  antibody  titers  to  typhoid  and 
paratyphoid  vaccine  and  reduced  phagocytic  activity  of  the  blood  of  non- 
vacclnated  animals  to  non-vlrulent  Stapf^looooaua  (3W2*eu8. 

Proliferation  of  reticulo-endothellal  cells  of  the  splenic  pulp  occurred 
In  mice  fed  20  ml/kg  of  body  weight  per  day  of  white  mineral  oil  for  up  to 

10  days. 

j . dermatotoxlclty 

Mice  fed  20  ml/kg  of  body  weight  per  day  of  white  mineral  oil  for  up 
to  10  days  developed  rough  dry  skin,  erect  hairs,  and  epidermal  hyperkeratosis. 

Monkeys  exposed  to  automotive  lubricating  oil  aerosols,  In  concentrations 
of  132  mg/m^,  for  30  minutes  of  every  hour  of  every  day  for  up  to  100  days 
developed  oily  fur,  leading  to  thinning  and  bald  areas  over  the  abdomen, 
head  and  back.  The  fur  returned  to  normal  after  discontinuation  of  oil  ex- 
posure. 

Hyperkeratosis  occurred  In  Holsteln-Frleslan  calves  which  were  adminis- 
tered white  lubricating  oil  to  the  skin  for  8 weeks,  as  well  as  In  guinea 
pigs  treated  every  other  day  for  A days  with  mineral  oil  or  lubricating  oil. 
Lubricating  oils  were  acanthogenlc  In  guinea  pig  skin. 

Liquid  petrolatum  Increased  the  cutaneous  reactivity  of  the  skin  of  al- 
bino guinea  pigs  previously  sensitized  to  2,A-dlnltrochlorobenzene.  Erythema, 
scaling  and  hyperkeratosis,  acanthosis  and  hypergranulosis  were  described. 

k.  carcinogenicity 

In  the  CAF^/Jax  mouse,  which  has  a genetically  based,  spontaneous  pul- 
monary tumor  susceptibility,  exposures  5 days  a week,  6 hours  a day  for  16 
months  to  100  mg/m^  of  mineral  oil  caused  an  altered  rate  of  tumor  formation 
over  unexposed  control  mice.  The  number  of  tumors  In  oil  exposed  mice  after 
12  and  13  months  was  less  than  expected.  If  oil  mist  was  to  be  considered  an 
accelerator.  Mild  tumor  acceleration  occurred  only  after  10  and  11  months  of 
exposure. 

Inhalation  of  mineral  oil  aerosols  by  AO  guinea  pigs  produced  8 alveolar 
eplthellallzatlons,  1 neoplasm  and  17  other  pulmonary  lesions.  Exposures  to 

011  smoke  In  AO  guinea  pigs  lead  to  A alveolar  eplthellallzatlons,  1 neoplasm 
and  9 other  pulmonary  lesions.  Ho  tumors  occurred  In  unexposed  animals. 

Mineral  oil  was  classified  as  a non-accelerator  of  skin  cancer  In  mice. 

In  doses  of  50  mg  applied  3 times  a week  to  the  dorsal  epithelium.  Lubricating 
oil  fractions  containing  polycyclic  aromatic  hydrocarbons  were  weakly  carcin- 
ogenic In  mouse  skin. 
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A solvent  refined  mineral  oil  was  non-carclnogenlc  In  mouse  skin,  while 
sulfuric  acid  treated  lubricating  oil  produced  9 skin  cancers  In  15  mice. 

Benzo (a) pyrene-con talnlng  lubricating  oil  accelerated  the  rate  of  tumor 
Induction  by  7, 12<-dime thy Ibene (a) anthracene  in  mice  given  14  applications 
of  0.25  ml  of  oil  over  91/2  weeks.  Of  24  animals,  11  developed  malignancies. 
There  were  9 squamous  cell  carcinomas,  1 basal  cell  carcinoma  and  1 sarcoma* 

In  24  animals  treated  with  this  oil  alone,  6 animals  developed  skin  timors 
In  84  weeks,  of  which  there  were  1 sarcoma,  2 carcinosarcomas,  3 squamous  cell 
carcinomas  and  2 benign  squamous  papillomas. 

Paraffin  oil  painted  on  the  nape  of  the  neck  of  mice  twice  weekly  for 
24  months  was  mildly  carcinogenic.  Of  50  mice,  there  were  1 squamous  cell 
carcinoma,  1 papilloma  and  20  leukemias  or  lymphomas. 

l.  mutagenicity 

Arene  oxides  of  benzo (a) pyrene  are  mutagenic  In  strains  of  Salmonella 
typhimupiwn  and  In  Chinese  hamster  V79  cells,  but  the  value  of  mutation  exper- 
iments In  determining  the  carcinogenicity  of  arene  oxides  - Intermediary 
metabolites  of  aromatic  hydrocarbons  present  In  lubricating  oils  - was  con- 
sidered to  be  uncertain* 

m.  other  effects 

Teratogenicity,  fetotoxlcity,  effects  on  growh  or  other  organs  or 
systems  not  previously  discussed  have  not  been  repoircea  in  the  literature* 

E.  Pharmacokinetics 

SGF  No*  1 and  SGF  No.  2 and  their  models  will  be  discussed  Individually. 
1.  SGF  No.  1 and  Model  Fuels 

There  Is  no  data  on  the  absorption,  distribution,  metabolic  hlotrans- 
formatlon  or  excretion  of  SGF  No.  1,  and  research  on  model  fuels  Is  brief. 

Diesel  fuel  Is  absorbed  slowly  through  the  skin  of  rats.  Absorption  In 
the  gastrointestinal  tract  of  paraffins  present  In  SGF  No,  1 Involves  oxida- 
tion to  corresponding  acids,  and  uptake  into  the  lymphatics,  in  rats,  guinea 
pigs,  goats  and  possibly  humans.  Distribution  of  the  oxldlzbd  fatty  acids 
Into  liver  and  fatty  tissue  has  been  demonstrated  In  studies  with  labelled 
hexadecane  and  octadecane,  Diesel  fuel  Is  excreted  slowly  by  rats  fed  large 
doses.  It  has  been  detected  In  the  urine  of  a child  who  drank  the  substance. 
Kerosene  caused  a marked  Increase  in  urinary  glucuronic  acid  excretion  and 
a moderate  increase  in  urinary  inorganic  sulfates  in  rabbits  two  days  after 
oral  administration  of  kerosene.  The  conversion  of  polycyclic  aromatic 
hydrocarbons  to  oxides  of  phenanthrene  and  benzanthracene,  followed  by  mer- 
capturic  acid  formation  is  reported. 
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2,  SGF  No.  2 and  Lubricating  Oils 

Oil  aerosol  droplets  which  are  inspired  are  absorbed  by  the  lung  and 
phagocytized  by  macrophages.  Medicinal  mineral  oil  absorption  through  the 
gastrointestinal  tract  of  humans  accounts  for  about  2X  of  laxative  doses. 
Absorbed  oil  is  found  in  spleen,  liver,  and  meaenterlc  lymph  nodes.  In 
cases  of  lipoid  pneumonia,  the  oil  is  found  in  hilar  and  portal  lymph  nodes, 
liver  and  spleen. 

The  metabolism  of  the  branched  and  cyclic  alkanes  in  mineral  oils 
has  not  been  documented.  The  polycyclic  aromatic  hydrocarbons  present  in 
lubricating  oils  may  be  metabolized  in  the  liver  to  the  epoxides,  which  are 
subsequently  converted  to  phenols  and  trans-hydrodlols ; these  may  be  conjugated 
with  glutathione  and  metabolized  to  mercapturic  acids  for  urinary  excretion. 

Polycyclic  aromatic  hydrocarbons  are  enzymatically  converted  to  K-region 
epoxides  in  microsomes  of  various  tissues.  These  epoxides  are  more  active 
carcinogens  than  the  parent  compounds  in  some  cases,  as  well  as  having  muta>^ 
genic  properties.  The  enzyme,  aryl  t^drocarbon  hydroxylase,  which  is  re- 
sponsible for  this  conversion,  is  a genetically  controlled,  inducible  enzyme, 
found  in  human  skin  and  lung  tissue  as  well  as  a number  of  other  sites. 

Most  Ingested  mineral  oil  la  excreted  unchanged  in  the  feces.  Inhaled 
oil  may  be  expectorated,  removed  from  the  lungs  by  lymphatics,  or  encysted 
in  granulomas.  Large  deposits  of  oil  accumulate  in  the  lungs.  In  rats,  the 
kidneys  were  only  able  to  excrete  trace  quantities  of  mineral  oil,  although 
the  oil  was  demonstrated  in  kidney  homogenates  following  dosing. 
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TABLE  10 

Animal  Toxicity  of  SGF  No.  1 Aerosol 


Animal 


Experimental  Data 


Results 


Reference 


250  l-*month  old 
strain  A mice 
mice 


4 rabbits 


80  albino  rats 


7 rhesus 
monkeys 


63  mg/m^  aerosol  of  SGF 
No.  1;  cycles  of  30  min 
of  aerosol  and  30  min 
of  room  air  for  343 
days 


same  as  above  for 
one  year 

same  as  above  for 
one  year 


same  as  above  for 
100  days 


excess  of  pulmonary  Lushbaugh 

tumors;  oil  deposition  et  al., 

in  mediastinal  and  1950  (89) 

peribronchial  lymph 
nodes;  no  excess 
pneumonia 

no  pulmonary  tumors;  Lushbaugh 

oil  deposition  in  et  al., 

pulmonary  lymphatics  1950  (89) 

no  pulmonary  tumors;  Lushbaugh 

no  excess  pneumonia;  et  al., 

minimal  oil  accumula-  1950  (89) 

tion  in  lungs 

5 deaths  - after  44,  Lushbaugh 

67,  71,  77  and  97  et  al., 

days  of  exposure;  1950  (89) 

progressive  thinning  and 

of  fur  and  baldness;  Lushbaugh 

progressive  pulmonary  et  al . , 

oil  accumulation  and  1945  (90) 

focal  pneumonia;  ex- 
cess infectious  pneu- 
monia; gastric  ulcer- 
ations and  atrophy; 

2 gastric  adenocar- 
cinomas 


TABLE  11 


Animal  Toxicity  of  SGF  No.  1 Models 


A.  Aerosol  Exposure 


Animal 

Experimental  Data 

Results 

Reference 

Wistar  rats 

10,000  mg/m^  vapors  of 
diesel  fuel  or  kerosene; 
unspecified  duration  of 
exposure 

no  damage  to  pulmonary 
surfactant  layer 

Keen, 

1968  (14) 

6 albino  rats 

9600  mg/m'^  aerosol  of 
deodorized  kerosene; 

6 hr/ day  for  A consecu- 
tive days 

loss  of  coordination; 
sluggishness;  dermatitis; 
normal  weight  gain 

Carpenter 
et  al., 

1976  (7) 

23  rats 

50-100  mg/m^  aerosol  of 
deodorized  kerosene; 

6 hr/day;  5 days/wk  for 

13  weeks 

2 died  after  16  and  30 
days ; bronchopneumonia ; 
elevated  urine  pH; 
erythrocy topenia ; 
no  progressive  adverse 
effects 

Carpenter 
et  al . , 

1976  (7) 

rats 

14,400  mg/m^  vapors  of 
Cg-Cio  aromatic  dis- 
tillate for  7 hours 

acute  LC50 

Nau  et  al. , 
1966  (41) 

rats 

3200-5200  mg/m^  vapors 
of  Cg-Cjo  aromatic  dis- 
tillate; 18  hr/day;  up 
to  2,424  hours  of  ex- 
posure 

decreased  rate  of  weight 
gain;  neutrophilia; 
lymphocytopenia , 
decreased  total  leuko- 
cyte count;  bilateral 
cataracts;  hemorrhagic 
lungs,  liver,  kidneys, 
spleen;  increased 
myelocytic  precursors 
in  bone  marrow 

Nau  et  al . , 
1966  (41) 

rats 

260-1000  mg/ra^  vapors 
of  Cg-Cjo  aromatic  dis- 
tillate; 8 hr/day;  5 
days/wk;  700  hr.  total 

no  adverse  affects 

Nau  et  al. , 
1966  (41) 

rats 

4600  mg/m^  vapors  of 
Cii“Ci2  aromatic  dis- 
tillate for  7 hours 

acute  I.C50 

Nau  et  al . , 
1966  (41) 

37  rats 

3200  mg/m^  vapors  of 
C11-C12  aromatic  dis- 
tillate; 18  hr /day;  up 
to  1683  hr.  of  exposure 

50%  died  after  18  hr;  de- 
creased rate  of  weight  gain; 
hemorrhagic  lungs;  liver; 
splenic  dystrophy;  decreased 
total  leukocyte  count;  neu- 
trophilia; lymphocyto- 
penia; watery  bone  marrow; 
dermatitis 

Nau  et  al . , 
1966  (41) 

rabbits 

diesel  fuel  and  motor 
oil  fumes  (100:6  mix- 
ture) ; 2 hr/day  for  80 
days 

reduced  antibody  produc- 
tion to  typhoid-para- 
typhoid vaccine;  ab- 
sence of  secondary 
response 

Samal  t . .1 
1975  (91) 

mice 

6900  mg/m^  deodorized 
kerosene  aerosol  (dur- 
ation not  specified) 

slight  depression  of 
breathing  rate;  no 
respiratory  tract 
irritation 

Carpenter 
et  al . , 

1976  (7) 

CFW  mice 

9700  mg/m^  vapors  of 
C9-C10  aromatic  dis- 
tillate; 3.75  hr.  ex- 
posure 

Acute  LC50 

Nau  et  al . , 
1966  (41) 

CFW  mice 

3400  mg/m^  vapors  of 
Cji-Cip  aromatic  dis- 
tillate; 3.7  5 hr. 
exposure 

Acute  LC50 

Nau  et  al . , 
1966  (41) 

3 rhesus 
monkeys 

1000  mg/m^  vapors  of 
C9-C10  aromatic  dis- 
tillate; 7 hr/day; 

5 days/wk;  90  ex- 
posures 

hair  loss;  dry  skin; 
sedation;  tremor; 
leukccy topenia ; 
neutrophilia;  lympho- 
cytopenia; decreased 
erythrocytic  and 
myelocytic  precursors 
in  bone  marrow 

Nau  et  al . , 
1966  (41) 

3 rhesus 
monkeys 

260  mg/m^  vapors  of 
Cg-Cjo  aromatic  dis- 
tillate; 7 hr/day; 

5 days/wk;  90  ex- 
posures 

elevated  hematocrit;  leuko- 
cy topenia;  neutrophilia; 
lymphocytopenia 

Nau  et  ai . , 
1966  (41) 
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TABLE  11  (Cont.) 

Animal  Toxicity  of  SGF  No.  1 Models 
A.  Aerosol  Exposure 


Animal 

Experimental  Data 

Results 

Reference 

4 rhesus 
monkeys 

300  or  128C  mg/m^  vapors 
of  Cii-Cx2  aromatic  dis- 
tillate; 7 hr /day;  5 
days/wk;  90  exposures 

eye  and  skin  Irritation; 
diarrhea;  neutrophilia 
and  lymphocytopenia; 
Increased  erythrocytic 
and  decreased  myelocy..ic 
precursors  in  bone 
marrow 

Nau  et  al . , 
1966  (41) 

beagles 

100  mg/m^  deodorized 
kerosene  aerosol; 

6 hr/day;  5 days/wk  for 

13  weeks 

no  adverse  effects 

Carpenter 
et  al., 

1976  (7) 

beagles 

20  mg/m^  given  as  above 

mean  weight  increase 

Carpenter 
et  al., 

1976  (7) 

4 cats 

6400  mg/m^  deodorized 
kerosene  aerosol;  6 
hours 

no  adverse  effects  in 

14  days 

Carpenter 
et  al., 

1976  (7) 

Wistar  rats 


2 Wistar  rats 


Wistar  rats 


Wistar  rats 


B.  Intratracheal  Aspiration 


0.01-0.10  ml/animal  of 
diesel  fuel  by  intra- 
tracheal route 

0.02  ml/animal  of 
diesel  fuel  by  mouth 
during  apneic  state 

0.10  ml/kg  (-  0.025 
ml /animal)  of  body 
weight  of  diesel  fuel 
or  kerosene  by  intra- 
tracheal route 

0.05  ml/animal  of 
diesel  fuel  by  intra- 
tracheal route 


pulmonary  surfactant 
layer  damage 

both  rats  died  in  24 
hr  of  acute  aspiration 
pneumonitis  and  pul- 
monary edema 

pneumonia;  resolution 
in  14  days 


acute  LD50 


Keen, 

1968  (l4) 


Gerarde , 
1963  (93) 


Keen, 

1968  (14) 


Keen, 

1968  (14) 
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TABLE  11  (Cont.) 

Animal  Toxicity  of  SGF  No.  1 Models 
B.  Intratracheal  Aspiration 


Animal 

Experimental  Data 

Results 

Reference 

rabbits 

1.0  ml/animal  of  diesel 
fuel  by  intro tracheal 
route 

progressive  Interstitial 
pneumonitis;  alveolar 
hemorrhage;  bronchlolar 
necrosis  after  6-8  days 

Haraszti  and 
Sovari,  1968 
(48) 

Wistar  rats 


5 albino 
guinea  pigs 


albino  guinea 

pia« 


24  guinea  pigs 


10  white 
Belgian 
rabbits 

79  C3H  mice 


too  mice 


C.  Skin  Application 

undiluted  diesel  fuel 
applied  to  tail  skin 
6 hr/day  for  10  days 


diesel  fuel  applied  to 
intracapular  skin 
5 times/wk  for  19  days 

various  petroleum  fuel 
distillates  applied  to 
skin  every  other  day; 

4 applications  total 


Landsteiner  and  Jacobs 
skin  senslti Ziitlon 
method  with  diesel  fuel 

Draize  method  with 
diesel  fuel 


0.10-0.15  g/ animal  of 
Cg-C^o  aromatic  dis- 
tillate applied  to 
skin  3 times/week;  150 
applications  total 

intrascapular  skin; 
daily  application  of 
light  grade  diesel 
fuels 


dermatitis;  hair  loss; 
decreased  hemoglobin; 
erythrocy topenia ; 
reticulocytosis ; 
leukocytosis;  neutro- 
philia; lymphocytopenia 

erythema;  desquamation; 
hair  loss;  ulceration 
and  crusting 

hyperplasia;  hyperkera- 
toses; hair  loss; 
aromatic  fuels  more 
toxic  than  paraffinic 
fuels 

no  skin  sensitization 


mild  primary  Irritant 
to  skin  and  conjunc- 
tiva 


Starek  et  al., 
1976  (97) 


Bleu  and 
Bvmtrock, 
1969  (99) 

Hoekstra  and 
Phlll ips , 
ld63  (85) 


Starek  et  al., 
1976  (97) 


Starek  et  al . , 
1976  (97) 


dry,  thick,  scaly  skin;  Nau  et  al., 
hyperkeratosis;  epidermal  1966  (41) 
atiophv;  dermatitis; 
ulceration 


dermatitis 


Twort  and 
Twort,  1935 
(100) 
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TABLE  11  (Cont.) 

Animal  Toxicity  of  SGF  No.  1 Models 
C.  Skin  Application 


Animal 

Experimental  Data 

Results 

Reference 

100  mice 

intrascapular  skin; 
daily  application  of 
dirty- looking  heavy 
grade  diesel  fuels 

18  tumors;  3/18  became 
malignant 

Twort  and 
Twort,  1935 
(100) 

D.  Oral  Administration 

Wistar  rats 

20-25  ml/kg  of  body 
weight /day  diesel  oil  by 
gastric  intubation  for 

14  days 

hemoglobinemia;  reticulo- 
cytosis;  neutrophilia; 
lymphocytopenia ; 
thrombocytopenia;  ele- 
vated serum  malate 
dehydrogenase » apartate 
and  alanine  aminotrans- 
ferase 

Starek  et  al., 
1975  (92) 

138  Wistar 
rats 

16.0  ral/kg  of  body- 
weight  diesel  oil  by 
gastric  intubation 

acute  oral  LD50 

Starek  et  al., 
1975  (92) 

5 Wistar  rats 

6,9  ml/kg  of  bodyweight/ 
day  diesel  oil  by  gas- 
tric intubation  for 
approx.  3 weeks 

subacute  oral  LD50 

Starek  et  al . , 
1975  (92) 

9 Wistar  rats 

2. 0-3.0  ml/animal  of 
kerosene  by  duodenal 
Instillation 

no  changes  in  lung 
stability  in  18-24  hr. 

Keen,  1968 
(14) 

10  rabbits 

1.0  ml /kg  of  bodyweight 
of  fuel  oil  orally 

23%  drop  in  blood  sugar 
in  5-7  hr;  return  to 
normal  levels  by  12  hr. 

Tani,  1939 
(94) 

cow 

approx.  7 liters  of 
diesel  fuel  ingested 
accidentally 

low  grade  fever;  diar- 
rhea; constipation; 
lowered  milk  production; 

Messerli, 

1969  (95) 

stiff  uncertain  gait; 
swelling  of  hind  fetlocks; 
recovery  in  8 days 
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TABI^  12 


Animal  Toxicity  of  SGF  lio.  2 Models 
A.  Acote  Aerosol  Exposure 


Animal  Experimental  Data 


Results 


Reference 


30  albino 
mice 

approx.  200  mg/m^  aero- 
sols of  either  S.A.E. 
10-20  motor  oil  or 
mineral  ollj  4 hr  ex- 
posure 

very  mild  hyperplasia  of 
tracheobronchial  epi- 
thelium 

Wagner  et  al., 
1961  (27) 

6 albino 
mice 

4330  rog/ra^  aerosol  of 
S.A.E.  10  motor  oil; 

2 hr  exposure 

oil  retention  in  terminal 
bronchioles  and  alveolar 
ducts;  vigorous  oil 
phagocytosis 

Shoshkes  et  al 
1950  (69) 

7 albino 
mice 

4330  mg/m^  aerosol  of 
S.A.E.  10  motor  oil; 

92  hr  exposure  total 
(Intermittent  schedule) 

one  deatli;  heavy  oil  re- 
tention in  all  divisions 
of  respiratory  tree; 
pneumonia;  coalescence 
of  oil  into  giant  drop- 
lets (>  30  V diameter) 

Shoshkes  et  al 
1950  (69) 

6 albino 
mice 

4500  mg/m^  aerosol  of 
S.A.E.  10  motor  oil; 

2 hr  exposure 

2 deaths;  oil  retention 
in  terminal  bronchioles 
and  alveolar  ducts; 
vigorous  oil  phago- 
cytosis 

Shoshkes  et  al 
1950  (69) 

13  albino 
mice 

4500  mg/m^  aerosol  of 
S.A.E.  10  motor  oil; 

90  hr  exposure  total 
(intermittent  schedule) 

3 deaths;  extremely  heavy 
oil  retention  in  all 
divisions  of  respiratory 
tree;  pneumonia;  coales- 
cence of  oil  into  giant 
droplets  (>  30  y dia- 
meter) 

Shoshket  et  al 
1950  (69, 

20  Wistar 
rats 

30,000  mg/m^  aerosol 
of  mineral  oil  6 hr/day 
for  3 wk. 

Increased  macrophages 
and  foam  cells  in  al- 
veolar lumina  and  sep- 
tae;  oil  deposition  in 

2 weeks;  decreased 
adenosine  triphosphate 
activity  of  macrophages; 
focal  oil  granulomas  and 
pneumonia  in  3 weeks 

Eckert  and 
Kandt,  1975 
(101) 

aiga"’” 
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TABLE  12  (Cont.) 

Anlwal  Toxicity  of  3GF  No.  2 Models 
B.  Chronic  Aerosol  Exposure 


Anlmel  Experimental  Dittn  Results 


Reference 


Ct  rhesus 
monkeys 

132  mg/m"^  aerosol  of 
S.A.E.  10  motor  oil; 

100  days;  achedulo  of 

30  min  aerosol  alter~ 
natlng  with  30  min 
room  air 

80  white 
mice 

132  rag/m^  aerosol  of 
S.A.E.  10  motor  oil; 

100  days;  scnedule  of 

30  Kiln,  aerosol  alter- 
nating with  30  min 
room  air 

120  CF  No.  1 
mice 

5 or  100  mg/m^  aerosol 
of  lubricating  oil; 

6 hr/day;  5 daya/wk; 

12  months 

160  Roltsman- 
Sprague- 
Dawley  rats 

5 or  100  mg/m^  aerosol 
of  lubricating  oil; 

6 hr/day;  5 days/wk; 

26  inonths 

albino  rats 

10-125  mg/m®  aorosoJ 
of  spindle  oil;  4 hr/ 
day  for  5 months 

30  rats 

13,  30  or  60  mg/m® 
aerosols  of  industrial 
lubricating  oils  (with- 
out additives);  5 hr/day 
for  6 months 

2 deaths;  oil  accumu- 
lation in  lungs  followed 
by  gradual  clearing  over 
one  year;  pneumonia; 
bronchiolitis;  pulmonary 
fibrosis;  pulmonary  edema; 
weight  loss;  atrophic 
stomach;  fur  loss 

Lushbaugh 
et  al.,  1945 
(90)  and 
Wagner  et  al., 
1964  (105) 

gradual  oil  accumulation 
in  lung  macrophages  in 
peripheral  and  aub- 
plenral  alveoli;  no  free 
oil;  oil  macrophages  in 
tracheobronchial  lymph 
nodes;  minimal  toxicity 

Lushbaugh 
and  Cannon, 
1942  (104) 

lung  oil  macrophages 
scattered  randomly;  no 
major  lung  response;  no 
other  adverse  effects 

Wagner  et  al., 
1964  (105) 

pulmonary  tissue  damage 
Indicated  by  elevated 
lung  alkaline  phos- 
phatases; progressive 
interstitial  pneumonia 
only  with  higher 
concentration 

Wagner  et  al . , 
1964  (105) 

lowering  of  antibody 
titers  to  typhoid  and 
paratyphoid  vaccine; 
reduced  phagocytic 
activity  in  blood  of 
non-vaccinated  rats 

Bruskin,  1965 
1965  (106) 

serum  neuraminic  acid 
levels  increased  progres- 
sively; decrease  of  serum 
albumin  and  leukocyte 
phogecytlc  activity;  in- 
creased serum  globulins 

Lutov,  1973 
(107) 
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tABLE  12  (Cont.) 

Animal  Toxicity  of  3GE  No.  2 Models 


B.  Chronic  Aorosol  Exposure 


Animal 

Experimental  Data 

Results 

Reference 

6 rhesus 
monkeys 

132  mg/m'^  aerosol  of 
S.A.E.  10  motor  oil; 

100  days;  achedulo  of 

30  min  aerosol  «lter~ 
natlag  with  30  min 
room  air 

2 deaths;  oil  accumu- 
lation in  lungs  followed 
by  gradual  clearing  over 
one  year;  pneumonia; 
bronchiolitis;  pulmonary 
fibrosis;  pulmonary  edema; 
weight  loss;  atrophic 
stomach;  fur  loss 

Lushbaugh 
et  al.,  1945 
(90)  and 
Wagner  et  al. 
1964  (105) 

80  white 
mice 

132  mg/m^  aerosol  of 
S.A.E.  10  motor  oil; 

100  days;  scnedule  of 

30  min.  aerosol  alter- 
nating with  30  min 
room  air 

gradual  oil  accumulation 
in  lung  macrophages  In 
peripheral  and  sub- 
pleural  alveoli;  no  free 
oil;  oil  macrophages  in 
tracheobronchial  lymph 
nodes;  minimal  toxicity 

I.ushbaugh 
and  Cannon, 
1942  (104) 

120  CF  No.  1 
mice 

5 or  100  mg/m^  aerosol 
of  lubricating  oil; 

6 hr/day;  5 days/wk; 

12  months 

lung  oil  macrophages 
scattered  randomly;  no 
major  lung  response;  no 
other  adverse  effects 

Wagner  et  al. 
1964  (105) 

160  Holtsman- 
Sprague* 
Dawley  rats 

5 or  100  mg/m^  aerosol 
of  lubricating  oil; 

6 hr/day;  5 days/x^k; 

26  months 

pulmonary  tissue  damage 
indicated  by  elevated 
lung  alkaline  phos- 
phatases; progressive 
Interstitial  pneumonia 
only  with  higher 
concentration 

Wagner  et  al . 
1964  (105) 

albino  rats 

10-125  mg/m^  aerosol 
of  spindle  oil;  4 hr/ 
day  for  5 months 

lowering  of  antibody 
titers  to  typhoid  and 
paratyphoid  vaccine; 
reduced  phagocytic 
activity  in  blood  of 
non-vaccinated  rats 

Bruskin,  1965 
1965  (106) 

30  rats 

13,  30  or  60  mg/m^ 
aerosols  of  industrial 
lubricating  oils  (with- 
out additives);  5 hr/day 
for  6 months 

serum  neuraminic  acid 
levels  Increased  progres- 
sively; decrease  of  serum 
albumin  and  leukocyte 
phogocytic  activity;  in- 
creased serum  globulins 

Lutov,  1973 
(107) 
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TABLE  12  (Cont.) 

Animal  Toxicity  of  SGF  No.  2 Models 


D.  Acute  Oral  Administration 


Animal 

Experimental  Data 

Results 

Reference 

mice 

20  ml/kg  of  body  weight/ 
day  of  white  mineral  oil 
ingested  with  diet 

rough,  dry  skin;  pilo-  Brahmachari, 

erection;  restlessness;  3958  (102) 

weight  loss  in  5 days;  all 
died  by  7-10  days;  fatty 
degeneration  of  liver; 
proliferation  of  reticulo- 
endothelial cells  of  spleen; 
epidermal  hyperkeratosis ; 
renal  tubular  degeneration 

rats 

5 ml/kg  of  body  weight/ 
day  of  white  ndneral 
oil  ingested  with  diet 

same  as  above  in  mice 

Brahmachari , 
1958  (102) 

1 monkey 

2.2  ml/kg  of  body  weight/ 
day  of  white  mineral  oil 
in  diet;  total  consump- 
tion 96  ml 

weight  loss;  diarrhea; 
death  in  3 wk.;  hepatic 
and  renal  congestion; 
ulceration  and  in- 
flammation of  colon, 
heart,  lung,  spleen 

Chadhuri  and 
Chakravarty , 
1952  (103) 

1 monkey 

1.1  ml/kg  of  body  weight/ 
day  of  white  mineral  oil 
in  duct;  total  consump- 
tion 36  ml 

diarrhea;  weight  loss; 
death  In  11  days;  same 
pathological  findings 
as  above 

Chadhuri  and 
Chakravarty, 
1952  (103) 

E.  Chronic  Oral  Administration 

mice 

ingestion  of  spindle  oil 
following  skin  painting; 
20-90  wk.  (dose  not 
specified) 

"condition  X"  fatty  in- 
filtration and  degenera- 
tion of  liver,  spleen, 
ovary  and  adrenals 

Twort  and 
Twort,  1932 
(110) 

1 monkey 

1.1  ml/kg  of  body  weight/ 
day  of  white  mineral  oil 
in  duct;  total  consump- 
tion 195  ml  in  3 months 

no  adverse  effects: 
slight  hepatic  and 
renal  congestion 

Chadhuri  and 
Chakravarty , 
1952  (103) 
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TABLE  12  (Cont.) 

Animal  Toxicity  of  SGF  No.  2 Models 
F.  Skin  Application 


Animl 

Experimental  Data 

Results 

Reference 

2 Holstein- 
Friesian 
calves 

0.13  ml/kg  of  body 
weight/day  cf  white 
lubricating  oil  for 

8 weeks  applied  to 
skin 

no  gross  skin  pathology 

Hoekstra 
et  al.,  1955 
(25) 

albino  guinea 
pigs 

0.6  ml /animal  of  white 
lubricating  oil  applied 
to  skin  every  other  day 
for  A days 

slight  erythema  and 
desquamation 

Hoekstra  and 
Phillips, 
1963  (85) 

albino  guinea 
pigs 

same  for  yellow  lubri- 
cating oil 

desquamation  and 
hyperkeratosis 

Hoekstra  and 
Phillips, 
1963  (85) 

TABLE  13 

Bulmonary  Carcinogenicity  of  SGF  No.  2 Models 


Animal 

Experimental  Data 

Results 

Reference 

20  mice 

oil  smoke  exposure 

16  times /month 
(no  other  data  pro- 
vided) 

3 pulmonary  neoplasms; 

5 alveolar  epltheliali- 
zatlons; 

4 other  pulmonary  lesions 

Schepers,  1971 
(112) 

mice 

mineral  oil  fumes 
(no  other  data  pro- 
vided) 

no  definite  Increase  in 
tumor  Incidence 

Twort  and 
Twort,  1935 
(100) 

250  CAFi/Jax 
mice 

100  mg/m^  aerosol  of 
mineral  oil;  6 hr /day; 

5 days/wk  for  16 
months 

equivocal  evidence  of 
altered  rate  of  lung 
tumor  formation  in 
this  tumor-susceptible 
species 

Wagner  et  al., 
1964  (105) 

40  guinea 
pigs 

aerosol  of  ml.  .^ral  oil ; 
2<.<  exposures /month; 

(no  other  data  pro- 
vided) 

1 pulmonary  neoplasm; 

8 alveolar  eplthellaliza- 
tions; 

17  other  pulmonary  lesions 

Schepers,  1971 
(112) 

40  guinea 
pigs 

oil  smoke; 

24  exposures/month 
(no  other  data  pro- 
vided) 

1 pulmonary  neoplasm 

4 alveolar  epithellali- 
zations 

9 other  pulmonary  lesions 

Schepers,  1971 
(112) 

Animal 

Experimental  Data 

Besults 

Reference 

18  mice 

50  mg/anlmal  of  0.20%  non-accelerator  for 

by  weight  white  mineral  production  of  skin 

oil  with  added  ben2o(a)  tumors 

pyrene  applleil  3 

to  dorsal  skin  until  tumors 

appeared 

Horton  et  al.» 
1957  (113) 

20  mice 

100  mg/animal  of  alkyl- 
benzene  mixtures  applied 

3 tlmes/wk  for  68  wk,  to 
dorsal  skin 

no  tumors  developed 

Horton  et  al . , 
1957  (113) 

15  mice 

SO  fflg/animal  of  acid 
treated  lubricating  oil 
applied  2 times/wk  for 

80  wk.  to  skin 

9 malignant  skin  tumors; 
no  benign  tumors 

Ellis,  1967 
(62) 

IS  mice 

same  with  a solvent  re- 
fined oil 

no  tximors 

Ellis,  1967 
(62) 

24  Chester- 
Beatty 
mice 

0.25  ml/anlmal  of  batch-  6 skin  malignancies 
ing  oil  applied  to  dorsal  2 benign  papillomas 
skin  2 times/wk  for 

84  wk. 

Roe  et  al . , 
1967  (19) 

50  C57  black 
mice 

non-aromatic  paraffin 
oil  applied  to  nape  of 
neck  2 times/wk  for 

24  months  (dosage  not 
specified) 

mildly  carcinogenic; 

4 tumors  developed 

Heuper,  1960 
(115) 
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IX.  BECQKMBHDATXQNS 

la  say  •MMnttnt  of  hMlth  atpocts  of  axpotura  to  a pattlculat  •ubotancoy 
it  1*  of  utmost  inportaaca  to  dafiaa  the  eubetaaca  aad  the  touta  or  routes  of 
exposure  ehtch  are  most  likely  to  occur.  Other  factors  Which  aust  be  con- 
sidereii  laclude  the  duratioa  of  exposure  of  persoaael  as  well  as  relative 
health  of  jadividuals  prior  to  exposure. 

Za  deallag  with  fog  ollsy  the  foll<»rlag  problems  axisti 

1.  The  physico-chemical  aature  of  petroleum  products  is  variable* 
depeadiag  oa  both  the  characteristics  of  the  crude  oils  frcm  which 
they  were  produced*  aad  the  refialag  processes  which  iadividual 
petroleum  refiaeries  employed  la  creatiag  say  oae  particular  batch 
of  either  SGF  No.  1 or  S6F  No.  2. 

2.  The  goaeratioa  of  smoke  screvis  from  the  oils*  which  iavolves 
vaporisatioa  of  the  oil  aad  coadeasatioa  of  vapors  iato  microdroplets 
of  oil*  is  a process  which  (a)  allows  mlxiag  of  fog  oil  with  exhaust 
fumes  fr<»  the  gasoliae  eagine  of  the  smoke  geaerator  itself*  aad 

<b)  may  permit  some  thermal  deccmposltioa  of  the  oil  duriag  vaporisa- 
tioa* both  of  which  eveats  will  chaage  the  compositloa  of  the  fog 
oil  in  a highly  unpredictable  manner. 

3.  There  is  difficulty  in  determining  the  concentration  of  the 
resultant  fog  oil  smoke  screen  in  the  atmosphere*  due  to  day-to-day 
changes  in  meteorological  conditions  such  as  wind  speed*  relative 
humidity  and  climatic  temperature  variation. 

4.  Personnel  operating  the  rooks  generators  and  handling  the  fog 
oils  may  be  exposed  to  greater  concentrations  of  oil  smoke*  or  may 
be  exposed  for  longer  periods  of  time  than  personnel  living  under 
the  smoke  screen  at  a greater  distance  from  its  point  of  emergence 
from  the  generator. 

5.  Clinical  symptoms*  resulting  from  inhalation  of  the  smoke*  in- 
gestion of  oil  which  settles  on  food*  and  skin  contact  with  oil 
which  may  contaminate  clothing  and  exposed  parts  of  the  body*  may 
be  nonspecific*  undlagnostic  or  otherwise  impossible  to  attribute 
to  oil  smoke  roposure*  due  to  individual  variation  in  personal 
l^lene  and  use  of  tobacco,  among  others. 

These  difficulties  aust  be  realised  in  attempts  to  design  eiqfierimental 
exposures*  as  well  as  in  analysing  the  results  of  reported  exposures.  It  was 
impossible  to  consider  points  2 and  3*  above*  in  this  monograph*  due  to  the 
lack  of  any  available  literature  on  theso  topics. 

Recommendations  for  research  on  the  chemical  natwre  of  fog  oils  rod 
smoke  generated  from  them  Include  the  following: 
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1,  Analysis  of  the  hydrocarbon  composition  of  SGF  No,  1 and  No,  2 
oils,  and  determination  of  other  compounds  (trace  metals,  nitrogen 
and  sulfur  compounds)  present  in  them.  It  is  helpful  to  delineate 
specific  refinery  procedures  which  were  used  in  producing  any  one 
batch  of  fog  oil,  in  that  this  knowledge  will  aid  in  correlating 
refining  methods  with  chemical  composition  of  the  resultant  oil. 

This  can  be  of  great  value  in  determining  the  carcinogenic  polycyclic 
aromatic  hydrocarbons  in  SGF  No.  2,  for  example.  It  is  important  to  analyze 
as  many  different  batches  of  SGF  NO.  1 or  SGF  No.  2 as  possible,  in  order  to 
compare  their  compositions.  If  there  is  similarity,  then  further  animal 
toxicological  research  (using  a composite  most  nearly  resembling  the  'average' 
composition)  may  be  useful. 

2,  Analysis  of  the  smoke  generated  from  fog  oils,  in  terms  of  con- 
centration of  droplets  in  the  atmosphere  in  mg/m^,  mean  droplet 
diameter  and  percentage  of  respirable  droplets  (<5  p)  in  the  smoke, 
allowing  for  variation  in  meteorological  conditions, 

3,  Determination  of  exhaust  compounds  present  in  the  oil  smoke,  and 
relative  concentrations  of  exhaust  contaminants,  using  smoke  generators 
under  field  conditions, 

A,  Study  of  the  degree  of  theinoal  decomposition  which  can  be  expected 
and  the  nature  and  concentration  of  oil  decomposition  products  in 
the  resultant  oil  smoke, 

5,  In  addition  to  elucidating  the  chemical  nature  of  the  fog  oil 
smokes,  this  information  must  be  applied  in  animal  toxicological 
studies  which  more  closely  simulate  field  exposure  conditions  than 
past  experiments  which  have  been  reported  here.  In  the  animal  studies 
which  should  be  considered  to  be  undertaken,  as  listed  in  Table  1, 
the  Importance  of  recreating  field  conditions  is  emphasized.  The 
only  animal  study  which  was  ever  reported  for  fog  oil,  utilized  SGF 
No,  1 oil  mists,  in  concentrations  of  63  mg/m^,  in  an  exposure 
schedule  of  30  minutes  of  every  hour  for  100  consecutive  days 
(Lushbaugh  et  al,,  1950),  No  studies  have  ever  been  reported  for 

SGF  No,  2, 

6,  Retrospective  studies  in  humans  exposed  to  fog  oil  smoke  during 
World  War  II  are  warranted,  in  view  of  the  documented  skin  carcino- 
genicity of  some  lubricating  oils  in  humans  who  were  occupationally 
exposed  to  them,  as  well  as  the  uncertain  report  of  gastric  adeno- 
carcinomas developing  in  monkeys  exposed  to  SGF  No.  1 oil  mists.  The 
thirty-year  period  which  has  elapsed  since  World  War  II  may  be  suf- 
ficient to  indicate  trends  in  cancer  incidence  or  mortality  of  exposed 
mlllcary  personnel  as  well  as  populations  neighboring  the  geographical 
locations  of  smoke  screening  operations,  such  as  in  Anzlo,  Italy, 
during  the  war. 

In  most  epidemiologic  studies  performed  to  assess  morbidity  and  mortality 
trends  in  workers  exposed  to  Industrial  oils  and  mists,  the  determination  of 
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significant  predictors  of  morbidity  and  mortality  has  been  complicated  by 
social,  psychological  and  constitutional  factors.  The  same  factors  must  be 
considered  In  any  assessment  of  morbidity  and  mortality  studies  In  personnel 
exposed  to  fog  oil  smokes. 


TABLE  15. 

Gaps  In  Toxicological  Research  In  Animals 


SGF  No.  1 

SGF  No.  1 

SGF  No.  2 

SGF  No.  2 

Compounds 

Smoke 

Smoke 

PHASE  I 

Acute  oral  LD50 

r 

X 

Acute  dermal  LD50 

Acute  inhalation  LCst, 

X 

X 

X 

X 

Eye  and  skin  irritation 

X 

X 

X 

X 

Skin  sensitization 

X 

X 

Metabolism  In  various  animals^ 

X 

X 

X 

X 

Mutagenesis  In  microbes 

X 

X 

X 

X 

PHASE  11 

14-day  feeding 

X 

X 

90-day  feeding 

Sub-acute  Inhalation  studies 

X 

X 

X 

X 

PHASE  111  . 

2-Year  feeding 

X 

X 

180-Day  feeding 

Chronic  Inhalation  studies 

X 

X 

X 

X 

Fertility,  reproduction 

X 

X 

X 

X 

Teratology 

X 

X 

X 

Metabolism  In  various  animals  ^ 

X 

X 

X 

Notes:  X-marks  Indicate  that  this  study  has  not  been  undertaken. 

^’Including  absorption,  distribution,  exctfetion,  f’nd  biotransformation,  using 
radio-labeled  material. 

^‘Including  carcinogenicity  evaluation. 

'^‘Including  identification  and  possible  isolation  of  any  metabolites. 
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16.  Taft,  Mr.  Richard 
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17.  Wilson,  Mr,  Richard 
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Muskegon,  Michigan  49442 
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